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Announcement... 


For many years The Science Counselor has been 
maintained at considerable expense by Duquesne Uni- 
versity as a “good work” in science and education. 
Each year the deficit has been met cheerfully. The time 
has come, however, when our readers must help us 
meet the ever rising cost of publication. 


BEGINNING FEBRUARY 1, 1959, THE SUBSCRIPTION RATE 
OF THE SCIENCE COUNSELOR WILL BE $3.00 PER YEAR. 

The Science Counselor is the product of the coopera- 
tive efforts of many interested persons. The members 
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of our staff neither receive nor expect compensation. 
Our authors receive no reward other than our thanks 
and the satisfaction of having contributed to a good 
cause. 

Our advertisers have been most loyal in their sup- 
port of our efforts. Many of them have been with us for 
twenty vears. 

Last, but not least, our subscribers have helped us 
over the years, and we regret that publication costs 
force us to further impose on their kindness. 

In addition to the above we have been helped by the 
suggestions of many of our interested readers. Criti- 
cisms and suggestions are always most helpful. 
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Elementary School Science 


By Sister M. Aelred,. OSF.. M.Ed.. (Duquesne University) 


SCIENCE TEACHER, ST. GEORGE HIGH SCHOOL, PITTSBURGH 10, PA. 


This is from a talk by a working seience 
teacher to working science teachers and adminis- 
trators. In her discussion the author mentions 
several series of science readers and texts. The 
hooks and series discussed were chosen for dis- 
cussion because they were the texts actually 
being used by her listeners 

This address was giver to a group who was 
attending a session at Duquesne University o) 
June 20, 1958, as partial fulfillment of a course 
in Catholie School Administration. 

Don't wait for somebody to come up with a 


magic formula—get to work with the matcrials 


you ha ve. 


The atmosphere of high crisis enveloping the whole 
field of science today has a special meaning for those 
of us engaged in education. Although some of the 
hysteria of the moment may be deplored, we welcome 
the spotlight of public attention on the crucial im- 
portance of science education for our pupils as early 
as at the kindergarten level. The job to be done is basic 
to the national welfare; it deserves and needs our most 
constructive support, best thinking, and accelerated 
action. 


Modern Trends 


Unfortunately, there is no science-made-easy formula, 
no capsule for developing scientists overnight. In the 
near future we will see further important advances in 
the presentation of scientific material, and in the moti- 
vation of young people. But the basic formula will 
ever remain hard work and study and, above all, time 


time in which the magic of discovery and learning 


can take place. 

According to the authors of the article “Points and 
Counterpoint in Teaching Science” as found in Th. 
Science Teacher, John W. Renner of Creighton Uni- 
versity, Omaha, Leo R. Bray, Science Teacher at Far- 
mer City, Illinois, and William Powell, Science Teacher 
at Edwardsville, Illinois, the guiding criteria for ele- 
mentary science should be the following: 


(1) Science should contribute to the total growth 
and development of the child. (2) Science should 
contribute to the child’s understanding of his en- 
vironment. Such topics as weather, climate, trans- 
portation methods, plants, small animals, insects, 
birds, and general topography can all be made 
subject material for lessons in the elementary 
grades. (3) Science content should be presented 
so that it reflects the principles of child develop- 
ment and should proceed from the known and 
simple to the unknown and more complex. A study 
of how oxygen sustains the life functions can begin 
by observing the rapid rate of breathing in chicks 
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and continue to a higher level, at which time the 
entire action of inspiration of oxygen, the use of 
oxygen in the body, and expiration of carbon di- 
oxide from the body can be investigated. (4) In 
elementary science children should a) begin to 
acquire skill in the use of the scientific method. 
This does not mean that a formal lesson is taught 
on the scientific method, but rather that children 
be encouraged to make simple observations, as 
questions, and seek simply to answer them from 
the observations. b) acquire the ability to relate 
basic health and body care. c) be encouraged to 
experiment. A_ scientific experiment does not re- 
quire elaborate equipment. Many experiments can 
be performed simply and easily with available 
materials. d) begin to appreciate the relation be- 
tween science and industry. Visits to local indus- 
tries and/or the use of the many films that indus- 
tries will furnish free of charge are excellent ways 
of dong this. e) investigate the uses of science 
in their own community. Studies of the telephone, 
electricity, fire protection, water, and sanitation 
are possibilities in almost every community. (5) 
One of the chief functions of elementary science 
is to keep alive the innate curiosity of all children. 
(6) Elementary science should start the pupil 
thinking about the relationship between physical 
and biological science. The value of chemistry in 
the field of medicine can be shown by a visit to a 
drugstore. (7) In all elementary grades, experi- 
mental procedures should be kept as simple as 
possible. Stay with the familiar and simpler equip- 
ment, because nothing can be as confusing to 
young people as a vast array of elaborate appa- 
ratus. 

Another group of authors, Nina and Herman Schnei- 
der, have written some eighteen books for children, 
almost all of which are in the field of science. The 
result is the Heath Elementary Science Series. Both 
authors are well-qualified to write textbooks. Nina 
Schneider has been a librarian and a teacher, as well 
as a professional writer of juvenile literature. Doctor 
Herman Schneider has had long experience as a teacher 
and supervisor in the New York City schools and in 
several teacher-training institutions. Until recently, 
when he resigned in order to devote a major part of 
his time in writing and lecturing, Doctor Schneider 
was Science Supervisor for all the elementary schools 
in New York City. He still holds the position of 
Science Consultant in the New York City elementary 
schools. 

The Schneiders believe there are five main points 
which are characteristic of a good elementary pro- 
gram. They are: 

(1) A maximum of science activities; 

(2) Spiral development of science topics; 

(3) Integration of science topics with other sub- 

jects; 

(4) A balanced selection from all branches of 

science; 

(5) Content to be determined by the needs of 

children. 
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A specialist in elementary science, Glenn O. Blough, 
a consultant of the U. S. Office of Education and co- 
author of the Discovering Our World science series 
expands his belief that science inevitably becomes a 
part of the school program when questions and in- 
terests of children are taken into account in planning 
school activities. “Many teachers have caught enthusi- 
asm for teaching science from enthusiastic children,” 
says Mr. Blough. And many teachers and school ad- 
ministrators have caught enthusiasm for teaching from 
Mr. Blough. As former teacher of science at University 
of Chicago and retiring President of National Science 
Teachers Association, Mr. Blough advocates an ele- 
mentary school program for today’s children that deals 
with subject matter of concern to them—subject matter 
from their environment that challenges them because 
of its immediateness and interest. It means that we 
want to help them to learn generalizations or mean- 
ings which they can use in interpreting problems in 
their environment. The program must also include ways 
of working and thinking that will become a_ useful 
part of the pupil’s present and future living. Now, 
there’s nothing brand new about this idea—it’s the 
scientific way of getting the correct answer. You want 
boys and girls to develop certain scientific ways of 
thinking as they work. For example, things don’t just 
happen; they happen because of natural causes, so 
don’t be superstitious. Be open-minded toward opin- 
ions of others. Hold your conclusions tentative until 
you are sure. Look to reliable sources for evidence. 
Don’t jump to conclusions. Be curious about things. 
Den’t be satisfied with a vague explanation.” 

The curriculum that best achieves our objectives is 
one which has continuity throughout the child’s school 
experience and is not built on chance and accident. 
It intends to produce growth in problem-solving and 
is concerned with science that makes a difference to 
the learner. It employs as many ways of learning as 
there are, and each is geared toward achieving im- 
portant goals. It considers the interests and aptitudes 
of children, challenges them, but is not discouragingly 
difficult. Each year we improve our science teaching 
if we evaluate our efforts on the basis of how near we 
come to achieving our objectives. 

Among the Catholic scientists, Reverend Francis P. 
Cavanaugh, C.S.C. of Notre Dame University; Con- 
sulting Editor for the Cathedral Basie Science Pro- 
gram, of the Scott, Foresman Company has this to say: 

Young people are prone to confuse theory with 
fact and too often the unguarded pick up inaccu- 
rate, even erroneous ideas. As Catholic educators 
we must see to it that in science, as in all other 
fields, our pupils be given so thorough a knowledge 
of fundamental truths that no amount of unguided 
reading in later life will divert them. 


” 


In a recent article, “Science is Orderly and Free, 
Doctor Wilbur L. Beauchamp of the University of 
Chicago; Directing Editor of the Basic Studies in the 
Science Program, points out: “There is always a temp- 
tation to generalize from a single fact or a single 
observation.” And this is not science. It is the nega- 


tion of science. To get away from this danger, we 
must have children make a series of closely related 
observations, all supplying data on the same point. 


We should have them collect as much data as they can 
with all their senses—seeing, hearing, feeling, smelling, 
tasting. Then we should extend their collection of data 
to the easiest and best substitute for direct observa- 
tion—the use of carefully planned pictures. By the wise 
use of pictures, we multiply the number of the chil- 
dren’s observations and increase the validity of the 
generalizations reached. And when we decide to use 
pictures in this way, we do not give up collecting data 
from the environment or direct experiences for the 
children. 

“The young child’s world is full of things he is 
‘apable of understanding, but unable to read about,” 
says Gertrude Crampton, who has been successful both 
as a teacher and as a writer for children. Miss Cramp- 
ton taught the elementary grades in Toledo, Ohio and 
Ann Arbor, Michigan, and was co-author of the Science 
Stories Series. “The right kind of pictures used in the 
right way permits teachers to extend and enrich the 
primary-grade science learning beyond the narrow 
limits of reading at early levels.” Using pictures to 
introduce a science concept is one of the many possi- 
bilities. Pictures are also effective tools for teaching 
young children to observe accurately and _ skillfully, 
to perceive likenesses and differences, to classify, to 
compare, to make simple generalizations in terms of 
the observed data. 

“As every teacher knows, the development of 
skills depends upon sufficient repetition of the 
processes to establish patterns of procedure in the 
child’s mind. By using pictures properly, teachers 
can provide much-needed repetition and extension 
of science experiences ... Of course all of this is 
dependent upon how carefully the pictures are 
selected, arranged, and used.” 

Doctor William Gray, Professor of Education at the 
University of Chicago, and co-author of the Pasic 
Reading Program, and Reading Director of the Cur- 
riculum Foundation Series for the primary grades 
writes “skill in interpreting pictures, is becoming in- 
creasingly important as a means of securing pleasure 
and information.”’ Adults today are exposed to picture 
magazines, cartoons, advertisements, and many types 
of diagrammatic schemes for the presentation of facts. 
Children are surrounded with picture books at an early 
age, and practically all children “read” the funnies long 
before they enter school. Regardless of age or situa- 
tion, the individual who can interpret pictorial material 
effectively has access to a vast world of new ideas 
Perceiving and recognizing a pictured object does not 
necessarily convey new ideas or facts. It may, how- 
ever, help to clarify a concept. Simple recognition is 
the first step in learning to get new meanings. Pictures 
representing action, a series of related objects, or a 
sequence of events may be introduced to develop further 
steps in getting the meaning. 

Sooner or later the reader must be guided in 
reacting critically to the ideas presented in pictures 
and in interpreting them in the light of all that 
he knows .. . 
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Richard T. Wareham, Head of the Science Depart- 
ment of the D. C. Heath and Company in his article, 
“Just as the twig is bent * makes a definite state- 
ment that school administrators are making headway 
in providing a place for science in the elementary 
schools even with the handicaps of insufficient funds 
for teaching materials and inadequately trained staffs. 
However, even in many of our better schools, one set 
of books is made to serve several classrooms. And 
this means the children may not take the books home 
to review and study. Neither can they use the books 
as guides in home experiments. (Susie may forget to 
bring the book back, and therefore, there will not be 
enough to go around.) Just supplying books for every- 
one would be a big step in the direction of keeping the 
early-grade child interested in science, for modern 
elementary science textbooks are almost self-teaching, 
and children “enjoy” them. With the books a good 
teacher, even one not especially well-versed in science, 
can do much, for excellent teacher’s guides and helps 
are a part of every modern elementary science series. 


Enriching Science with Books 


The elementary science series, God's World, is based 
on a carefully thought-out plan. 


First of all, let us say that the ultimate objective of 
the series is to produce in the child an awareness of 
causes (science) and cause (philosophy). The realiza- 
tion of this objective is a very gradual one and is 
climaxed in the 7th and &th grade books. 


In the primary books the child is introduced to first- 
hand contact with the things he can know by experienc- 
ing their effects. He thrills to be made aware of the 
wetness of rain, the buzz of the bumble bee, the fra- 
grance of a flower. Such experiences open the door to 
a new and wonderful world for the majority of children 
and start them opening doors on their own. These 
experiences are called the experiential certitudes, a 
new term but really an old idea in Catholic education. 
Seven centuries ago, Saint Thomas Aquinas stressed 
the need for these certitudes as the basis for all knowl- 
edge—“Nothing is in the intellect which is not first 
in the senses.” In the great scholastic tradition then 
the series, God's World, encourages the child to employ 
his senses in the acquisition of the rich and varied 
experiences of the world outside himself. 

In the intermediate book the child progresses from 
experiences to experiments. For example, having been 
made aware of the difference between seasons by ex- 
periencing them, he now distinguishes them through 
causes (the varied motions of the earth on its axis and 
in its orbit). 

Throughout the series, the child is involved with 
experiences, experiments and reflection, but at the 
upper-grade level the emphasis is on the last of these— 
reflection or speculation. Through this reflection the 
pupil discovers that much of his progress in science 
is due to the question, Why—anotner word for cause. 
The search for causes develops critical thinking. It is 
the beginning of independent study and investigation 
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on the part of the pupil. It is the tool whereby the 
pupil begins to figure out things for himself—an in- 
dispensable step in problem solving—one important 
goal of all the sciences. Hand in hand with the initia- 
tion of problem solving is the pupil’s ever-expanding 
vision of the Plan of Creation joined with the intel- 
lectual necessity to look for the only adequate Cause 
of that plan. 

This is real science and there is no modification of 
it to fit preconceived objectives. It is strikingly evident 
today that the more penetrating and the more compre- 
hensive modern science becomes, the more it reveals 
the inexpressible harmony of an all-wise Creator. 


In a recent address to the Pontifical Academy of 
Sciences, Pope Pius referred to this same spirit in 
these remarkable words: “In fact, according to the 
measure of its progress, and contrary to affirmations 
advanced in the past, true science discovers God in an 
ever-increasing degree—as though God were waiting 
behind every door opened by science.” 


The knowledge of God as sole Creator now shared 
by many modern scientists is, indeed, the extreme limit 
to which human reason can attain. Nevertheless, as 
you are well aware, it does not constitute the last fron- 
tier of truth. In harmonious cooperation, because all 
three are instruments of truth, like rays of the same 
sun, science, philosophy, and with still greater reason, 
Revelation, contemplate the substance of this Cre- 


” 


Book Eight, the title of which is Knowing God's 
World, of the Catholic Elementary School Science Pro- 
gram is the last volume of this very fine series. It 
equals, if it does not surpass, the others in clarity of 
exposition and in holding the interest of pupils. How 
up-to-date it is, is shown by the excellent cut of the 
model of the earth satellite. The section on biology is 
especially well done. With this series of graduated 
science texts from the first to the eighth grade the 
children in our Catholic schools should be well grounded 
in science, if the books are properly taught by com- 
petent teachers. At least they should have a more 
favorable attitude towards science and scientists, since 
all of our parochial schools in Pittsburgh are expected 
to use these books. 


Each Teacher’s Manual consistently follows the same 
lesson plan throughout. Each lesson plan is fully ex- 
panded and there is a lesson plan for each science class 
throughout the year. These lesson plans provide a 
working syllabus for the entire year’s work plus suffi- 
cient depth in each lesson for the brightest to the 
slowest pupil. The Lesson plans follow this order: 

(1) Aims or objectives of the lesson; 

(2) Procedures and activities including the appro- 

priate experiments; 

(3) Thinking over the unit; 

(4) Questions to ask oneself about the unit; 

(5) Reference material: separate bibliographies 
for pupil and teachers, films and filmstrips 
(previewed for the unit); 

(6) Additional projects for outside work; 

(7) Answers to all the questions in the text. 
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Because the authors of the series, God’s World, are 
teaching Religious from widely differing regions of the 
country and from religious communities represented in 
many dioceses of the United States, they are mindful 
of the conditions peculiar to teaching science from place 
to place. You will find then that our authors have in- 
geniously offered a wide range of simple do-it-yourself 
experiments, suggesting the use of free materials and 
how these can be adapted to all localities of the country. 


To arouse the mind to a knowledge of the causes of 
things rather than to fill it with mere description is an 
authentically Catholic task in education .... The 
Catholic elementary science series, God’s World, is built 
on the premise that science is a certain knowledge of 
things in terms of their causes. In this respect, the 
series avoids the secularistic and positivistic view that 
defines science as any organized knowledge or as a 
correlation of faiths or as any systematic body of truth. 


The series, God’s Worlid, takes the view of St. Thomas 
Aquinas that man has the power to find the causes of 
things and that in any science he uses this power. The 
series avoids the view of David Hume, who has helped 
to shape the secularistic view of science. He denied the 
reality of causal influences and defined causality as 
mere temporal regularities where one thing follows 
another thing without any internal connection. 


Many modern scientists, heirs of Hume, refuse to 
consider science as a search for causes, and therefore, 
do not even look for a First Cause. The series, God’s 
World, attempts to counteract this neglect. It shows 
that while the scientist often denies an interest in cause 
and claims to give merely descriptive knowledge, he is 
in fact, always seeking causes and very often finding 
them. 

One of the original claims of the series, is the em- 
phasis on man as a cause-seeking animal and the 
emphasis on science as a causal knowledge. 


Summary 


A science program is no better than the program 
desired. The science program indicates how the people 
evaluate science. In some schools, there is not time in 
the day’s schedule for science; no space for science 
experiments; and teachers have little or no training in 
science. How can we have a better science program? 
How did we get better automobiles? A better airplane? 
A better telephone, radio, television? How did we get 
better anesthetics, antibiotics, geiger counters? History 
can give us the answer. These developments have come 
from the minds of men and women who have had a 
desire for improvement with a firm belief that some- 
thing better could be accomplished and who have been 
willing to make the necessary sacrifices to reach their 
goal. 

It would seem to follow, then, that if we are to have 
a better science program we will need to consider these 
three important factors: (1) Do we have a desire to 
have a better program? (2) Do we believe we can 
improve our present program? (3) Are we willing to 
make the sacrifices necessary to complete the change? 


A better science program would imply that certain 
changes need to be made. These changes would not 
really mean an improvement, but certain obstacles 
must be overcome. To illustrate: What changes do we 
wish to make? What about textbooks? Visual aids? 
Teachers’ guides? Most of these changes will be a 
matter of adaptation. 

Adaptation is largely, if not solely, the task of satis- 
fying needs. When we consider the needs of a pupil as 
far as science education is concerned, we arrive at a 
grouping of needs without too much difficulty. There 
is, of course, the ultimate need to arrive at eternal 
happiness with God, but salvation depends upon the 
use of the things of his environment. Therefore, the 
general knowledge a pupil should receive through a 
science course should be such as will enable him to 
use practically and intelligently the factors of the 
environment in which he expects to move. 


Part Il (For Science Teachers) 


Since adaptation is largely a matter of filling needs, 
I shall venture to define those which seem basic. Let 
us first deal with a simple need for survival in any 
environment: the need to perform actions with a certain 
amount of skillfulness. In science classes many small 
actions, such as pouring liquids from a bottle, so as 
to allow the liquid to leave and the air to enter without 
too much noise; again, pouring liquids from the back 
of a bottle, thereby saving the label from being dam- 
aged and made illegible; heating a cooking utensil with 
a blue flame instead of a yellow one to prevent blacken- 
ing of utensils since the yellow flame gives only light 
and much soot. 

Secondly, (and I am certainly not putting these needs 
in their order of importance) the pupil needs to know 
his rights and duties as a social being. Science courses 
give unusual! opportunities to understand the economic 
consequences of actions. It gives the pupils practice in 
working cooperatively with others. Respect for an- 
other’s right to life and freedom from injury is shown 
in the methods which are used in heating something 
that sputters—that is, holding it in and out of the 
flame (to prevent the loss of an eye). In a joint 
experiment, pupils are given parts to prepare; and im- 
portant or unimportant, it must take its place in the 
whole setup (accumulating materials and acting as 
aides in various experiments). Too often, in the pur- 
suit of higher knowledge, many of the courtesies of 
life are forgotten. Witness to this fact is the chagrin 
of one of our local colleges when they found that a 
discourteous research student had torn out entire pages 
from a bound volume of periodicals. No knowledge is 
worth such conduct. Therefore, I make no apology for 
emphasizing the teaching of such courtesy to elementary 
pupils. As a consumer, the pupil will be taught to 
choose the better product: seasonal foods; solvents for 
stains; knowledge of the chemical reaction of soap will 
remind them that using just enough soap is as good 
as any larger amount. 

(Continued on Page 127) 
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Air Foree Basie Researeh in Materials 


e By Colonel B. G. Holzman 


COMMANDER, AIR FORCE OFFICE OF SCIENTIFIC RESEARCH, AIR RESEARCH AND DEVELOPMENT COMMAND 


The Air Research and Development Command 
secks new basic knowledge from which improved 
aeronautical equipment, materiel, weapons, and 


techniques can be developed. 


You will find this article to be highly informa- 


tive and interesting. 


The Air Research and Development Command con- 
sists of a headquarters near the Nation’s Capital and 
nine major research, development and test centers, dis- 
persed throughout the United States in areas suitable to 
the conduct of their mission. In addition, the Command 
maintains twenty-two domestic field offices to provide 
technical liaison with industry and the other military 
services. An office in Brussels, Belgium monitors re- 
search projects throughout Western Europe, and the Air 
Force Ballistic Missile Division (AFBMD), located at 
Inglewood, California, is responsible for managing pri- 
ority missile projects. Two other integral components of 
the Command are the Armed Services Technical Infor- 
mation Agency, located in Arlington, Va., and, Air 
Force Office of Scientific Research, located in Wash- 
ington, D. C. 


The mission of the Air Research and Development 
Command is to attain and maintain qualitative superi- 
ority for United States Air Force weapon systems, 
materiel and techniques. In carrying out the ARDC 
mission, three precepts are followed: Seek new basic 
develop and recommend the adoption 
. . Attain 


knowledge . . 
of new and improved devices and systems 
and maintain qualitative superiority. 


When we consider that a weapon system is projected 
in some instances ten years into the future, we realize 
that solutions for problems encountered during re- 
search, development, and production must be found. For 
example, even today, we are seeking answers to hy- 
personic-aerodynamics problems with which we are 
already faced. How, for instance, will planes or missiles 
be affected by heat at speeds of 15,000 miles per hour? 
What materials must be developed? How will they 
react to thermal and atomic radiation? The first pre- 
cept then is to seek new basic knowledge from which 
improved aeronautical equipment, materiel, weapons, 
and techniques can be developed. 

The basic research program of ARDC is directed 
into six broad scientific areas of interest: Propulsion, 
Materials, Electronics, Geophysics, Biosciences, and 
Aeromechanics. Obviously, none of these areas are mutu- 
ally exclusive of the others since the interdependence of 
one upon the other is readily apparent. For example, 
knowledge gained on the bonding structure of a pro- 
tein molecule in the Biosciences Area might provide 
the answer to the problem of synthesis for a high poly- 
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mer in the Materials Area. Likewise, research on the 
chemistry of free radicals in Propulsion might con- 
tribute to Materials or Biosciences, or in some way, 
to every other area listed. This points out that while 
one can establish a broad framework such as this as 
an aid in management of basic research, one must 
not allow oneself to become “boxed in” from a techni- 
cal aspect. Research just does not lend itself to rigid 
rules or packaging. Therefore, the six Research Pro- 
gram Areas are as flexible as the dynamics of progress 
in science dictate and we expect to change or add to 
them as necessary. 

For each of the broad scientific areas, we prepare 
a planning guidance document known as a Research 
Planning Objective, commonly called an RPO. These 
documents correspond roughly to the Technical Pro- 
gram Planning Documents (TPPD’s), which indicate 
the technical requirements and development areas of 
interest as opposed to basic research. Fortunately, 
since the RPO’s concern only basic research, they have 
been kept unclassified. The RPO’s give, from an Air 
Force point of view, an over-all understanding of 
the need for, and interest in, scientific research in the 
particular program area. 

It has long been realized that the “key” to any pro- 
gressive and dynamic Research Program is the creative 


minds of individual scientists working together in areas 
of mutual interest. Adhering to this concept, we ex- 
pect the RPO’s to provide a method for coordinated 
planning of basic research within the Air Force. Since 
leading scientists from our Centers are called upon to 
help prepare these documents, the RPO’s represent 
a command-wide expression of the areas of science 


Researcu shows that ceramics aren't necessarily brittle. Ductile 
ceramics are studied under Air Force contract with the Uni- 
versity of California. 
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in which we expect the greatest potential payoff to 
the Air Force. Second, the RPO’s act as official broad 
guidance for Center scientists and their consultants 
in making judgments as to what efforts should be 
undertaken. Third, quite apart from their use in pro- 
viding guidance for the ARDC Center scientists, we 
hope that the RPO’s will be very useful in stimu- 
lating the scientific and industrial communities in doing 
research along lines of Air Force interest. 

In this respect, an unclassified brochure is available 
which summarizes all six RPO’s in one document. The 
brochure also indicates which Centers are interested 
in various fields of scientific research and suggests 
laboratories and personnel to contact for more detailed 
information. Copies of this brochure are available from 
Headquarters ARDC. 

The brochure will better acquaint science and in- 
dustry with Air Force interests in research and also 
serve to point out the many laboratories which conduct 
basic research in ARDC. 

One of the basic research areas is Materials and the 
remainder of this paper will highlight the Air Force 
basic research in that area. 

The Air Force Office of Scientific Research in Wash- 
ington, D. C. conducts a program of exploratory research 
in solid state physics and chemistry of materials. Their 
program is all by contract, predominantly with aca- 
demic institutions, and concerns all types of materials— 
liquids, gases, and solids. 

The Wright Air Development Center, in Dayton, 
Ohio conducts basic research both “in-house” at the 
Aeronautical Research and Materials Laboratories and 
by contract with industrial and academic institutions. 
Their field of interest is across the board—from solid 
state studies in metallurgy, through surface studies 
in corrosion, erosion, and catalysis, to synthesis re- 
search in organic chemistry. Here one finds a very 
close tie-in between basic research and the development 
work that follows. 

The Air Force Cambridge Research Center is located 
a few miles from Boston, Massachusetts. The labora- 
tories of the Electronics Research Directorate conduct 
both “in-house” research and contract research as an 
extension of their “in-house” program. Their basic re- 
search interests are concerned mostly with the relation- 
ships of the electrical and magnetic properties to the 
solid state properties of matter. In this respect, ultra- 
purity and synthesis techniques play a major role. 

Small research efforts are conducted at the Air 
Force Missile Development Center, Alamogordo, New 
Mexico, concerning high temperature techniques asso- 
ciated with solar furnaces, and at the Air Force Special 
Weapons Center, Albuquerque, New Mexico, on nuclear 
studies associated with nuclear weapons. 

The European Office of ARDC is located in Brussels, 
Belgium. The efforts contracted for in Europe and the 
Middle East are selected by the Centers and integrated 
into the total program on a technical basis. Working 


STAINLESS STEEL burns and erodes at shock tube-simulated 
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through the technical personnel here in this country, 
the European Office serves as a basic research pro- 
curement and liaison agency for the Centers. 

This survey provides a quick look at the Centers 
where the basic materials research is conducted, both 
in-house and on contract. Apart from this, one will 
also find some very basic research being conducted as 
part of major weapon system contracts, such as the 
ballistic missile programs. These efforts are to fulfill 
specific requirements or “bottlenecks” in the system 
concerned and are not the exploratory or basic research 
described in the Research Planning Objectives. 

The subfields in the basic research program in the 
Materials RPO are: 

1. Internal Structure and Properties of Matter 

2. Structure and Properties of Interfaces 

3. New Synthetic Methods 

4. Theoretical and Experimental Techniques 


Under the heading of Internal Structure and Proper- 
ties of Matter, ARDC is interested in gaining a better 
understanding of the relationships between the internal 
structure, the binding energies and the properties of 
matter. Research in this area might result in a blue- 
print for new or improved materials with predeter- 
mined mechanical, physical, and chemical character- 
istics. Dr. von Hipple of the Massachusetts Institute of 
Technology calls it “molecular engineering.” 


In this approach, the scientist concerns himself with 
the nuclear, atomic, and molecular character of matter 
instead of pursuing the empirical “mixmaster” or black- 
smith techniques which have been common in the past. 
For example, the nucleus of an atom, which is about 
10-12 centimeters in diameter, still holds many secrets. 
The physicist is not content with “seeing” the nucleus 
as a whole; he must now explore the structure of the 
protons and neutrons of which the nucleus is composed. 
It is the old problem of worlds within worlds, and when 
more is known of the structure of the proton, it is 
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reasonable to expect another new world will unfold. 
It may seem a long way from the nucleus of an atom 
to a new missile, but there is every reason to believe 
that whatever the scientist can discover here will have 
a significant influence on the future of materials re- 
search and development throughout the world. 


The second area of scientific interest is the Structure 
and Properties of Interfaces. This area is concerned 
with the structure and properties of the interface be- 
tween materials of different kinds and in various 
phases. Increased knowledge in this area could, for 
example, point the way to drastic reductions in fric- 
tion and wear, controlled surface reactions at extremely 
high temperatures or to ductile ceramics. 


In the area of ductile ceramics, surface conditions 
have been found to produce important effects on the 
ductility and fracture properties of solids. Dr. Ear! 
Parker at the University of California has been in- 
vestigating the mechanical properties of some ionic 
materials and the effect of surface conditions on their 
room temperature ductility. This work has shown that 
freshly cleaved samples of such normally brittle crys- 
tals as sodium chloride, lithium floride, and magnesium 
oxide are readily bent at room temperature. Further, 
Dr. Parker has shown that the degree of ductility 
can be predominantly influenced by the condition of 
the surface. Just how and why the surface layer affects 
the brittleness is still open to conjecture. It seems 
likely that this layer is difficult for dislocations to 
penetrate and so, unable to escape, they pile up at 
the surface of the reacted layer. As a result of this pile- 
up, the local stress may approach the theoretical frac- 
ture stress and, consequently, a crack may form. There 
is some evidence that this is indeed the case but the de- 
tails are not yet entirely clear. The significance of these 
results is that they show that ionic crystals are not 
necessarily brittle at room temperature. 


The third area of scientific interest is New Synthetic 
Methods. Research in this area is concerned with the 
methods by which the building blocks, the sub-atomic 
particles, atoms and molecules can be made to com- 
bine to yield substances with desirable properties. The 
knowledge of the relationships between structure and 
properties may provide a formula for some new sub- 
stances. However, ways must be found to effect the 
combination of the building blocks to permit the actual 
preparation. 

For example, a great deal is heard today about the 
phenomenal strengths achieved in certain whiskers. It 
has been demonstrated that fine whiskers of pure iron 
can be made with a tensile strength of approximately 
2,000,000 psi. This is about ten times what we achieve 
in high quality steel for landing gears and obviously 
such strength is very interesting. But there remains a 
great deal of basic research concerning techniques for 
growing whiskers. Today's strongest whiskers are grown 
by chemical means; the reduction of halides is the most 
common. Others are formed by deposition from a super- 
saturated vapor or by electrolytic deposition. The 
questions remain: What synthesis techniques are most 
adaptable to whisker growth? Can mechanical tech- 
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niques achieve the same strength? Can carbides and 
oxides of boron, titanium hafnium or zirconium be 
made to grow in the form of whiskers? These questions 
are typical of the many that remain to be answered 
through research on synthetic methods. 

The last area of research interest is Theoretical and 
Experimental Techniques. Often our ability to obtain 
new knowledge concerning materials is limited by the 
experimental techniques available to the scientist. 

The work of Dr. Miller at Penn State University in 
perfecting the Field Emission Microscope to view sur- 
face atoms of solids is now well known. The field emis- 
sion microscope is an example of one of many experi- 
mental tools which have opened new fields for explora- 
tion. The study of imperfections and dislocations, which 
are of paramount importance in the strength and 
corrosion properties of metals, is one of the main ob- 
jectives of present research with this instrument. Dr. 
Miller has also been able to conduct field desorption 
studies in his microscope. This has yielded additional 
information on adsorption systems at the surface of 

(Continued on Page 139) 


Am Force basic research contributes to the scientific founda- 
tion for development of such complex weapon systems as the 
ballistic missile, 
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Fossil Plants and Evolution 


e By Helena Miller, Ph.D.. (?adcliffe College) 


ASSOCIATE PROFESSOR OF BIOLOGY, DUQUESNE UNIVERSITY, PITTSBURGH, PENNSYLVANIA 


In the hundred years which have elapsed since 
Darwin’s publication of the “Origin of the Spe- 
cies” the reaction of the public to the term 
“evolution” has changed markedly. Even after 
these hundred years the concept of evolution is 
not universally understood, which makes articles 
on the subject appropriate even when no major 
new developments are to be announced. 


The words in the title of this paper may be defined 
in several ways, but I shall consider fossils as remnants 
of organisms which lived in much earlier times; 
plants as organisms whose cells usually have cellulose 
walls as boundaries somewhere in their cycles; evolu- 
tion as change through time. 

The kinds of fossils are many. Some of the common 
one are: molds, which preserve the external form of 
the organism; casts, which are made from mud harden- 
ing into rock in a mold which later wears away; oil, 
limestone and iron ore, which are waste products of 
metabolism of organisms whose form is no longer pre- 
served; coal, which consists of the compressed distorted 
remnants of organisms that once inhabited the earth; 
amber, which is hardened resin that once was soft 
and oozed around organisms isolating them from the 
forces of decay; coal balls, which are iron pyrite de- 
posits hardened around organisms, isolating them 
from the forces of decay. 

Of these types of fossils, the last, amber and coal 
balls, and others similar to them are the most valuable 
in piecing together the jig saw puzzle which will give 
us a complete idea of the shapes, sizes and internal 
structures of the organisms of the geologic past. 

Plants lend themselves to fessilization better than 
animals because of the rigidity of their cell walls in 
contrast to the soft, easily destroyed plasma membrane 
boundaries of animal cells. Thus the fossil record of 
plants of the past is much more usable for deductions 
than is the record of animal fossils, although both are 
far from complete. 

By examining plant or animal fossils in successively 
lower layers of rock, we are essentially examining 
remnants of organisms preserved from earlier and 
-arlier periods of time, since these layers of rock are 
formed from soil that has been washed into the bottom 
of large bodies of water and has become compressed 
into rock over the ages. Our observations from this 
type of examination lead us to generalize that plants 
of the past were not exactly like the plants of the 
present. Some fossils of plants exhibit greater size and 
less specialization than can be found in any plants in 
any part of the world today; some of our present-day 


plants exhibit more specializations and smaller size 
than has been found in any fossils to date. Let us 
look at a few examples. 


1) Judging from the fossil record the lycopsids have 
existed from the Carboniferous period. Our present-day 
living Lycopodiums are small plants, but the extinct 
members of the group were large “trees.” The charac- 
ters for the lycopsids are distinct back to the early 
Palezoic Era where they exhibit characters in common 
with the Psilophytales. 

2) In the present-day plants of Equisetum, horse- 
tails, the leaves are vestigial, forming a low-toothed 
sheath around the stem, often lacking photosynthetic 
ability. The plants are small, at most three feet high, 
and pencil-sized in diameter. The Palezoic forms, on 
the other hand, had green leaves several centimeters 
long, and the plants were large trees with an active 
‘ambium. 

3) Certain fossils found from the Carboniferous 
period exhibit fern-like foliage, similar in part to the 
foliage on the present-day tree ferns of the tropics. 
The fossil plants are found with seeds at the tips of 
the leaves rather than spores on the backs of the leaves 
as is the habit of reproduction in our present-day ferns. 
(cf. Arnold 1947) The characters of the ancient seed 
ferns can not be found anywhere in the world today, 
any more than dinosaurs can be found living anywhere 
today. 

In the face of overwhelming fossil evidence there 
‘an be little doubt that plants have changed through 
time, hence this is now rather generally accepted as 
fact. Strictly speaking the fossil record of plant or- 
ganisms has established the fact of one type of organic 
evolution. It has not, as yet, proved the course or the 
cause of organic evolution. 


Mechanism of Changes 


Even though the fact of change of organism through 
time, organic evolution, has been established, a rich 
field of research, speculation and debate remains as to 
“how these changes came to be” or the course and the 
cause of organic evolution. A similar debatable field 
exists in the closely related subject of inorganic evolu- 
tion. For instance, we know that the surface of the 
earth has not always been exactly as it is today. With 
our knowledge of inorganic chemistry and physics, we 
‘an read much of the record of climatic and edaphic 
conditions that were recorded in the rocks at the time 
they were formed or altered. We no longer debate the 
fact of inorganic evolution, but we do discuss (heatedly 
at times) the manner in which these changes came into 
being and their cause. 

Our generation has been privileged to see moun- 
tains rise and to see islands disappear, so that here at 
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least we can search for the immediate precursor and 
the immediate possible cause of these inorganic changes 
with some hope of discovering them. So also with 
plants and animals, we are privileged to see changes 


occurring before our watching eyes both in domesti- 
cated plants and animals and in the native wild ones. 
If, for example, we were to select seeds from a prized 
snapdragon in our garden, and plant them, we would 
see that the new snapdragon plants that grew from 
these seeds would not all be exactly like each other, nor 
would they all be exactly like the parent from which 
the seed had been collected. We can control some of 
these differences between parent and offspring by con- 
trolling pollination, indicating that certain characters 
obey the laws of genetic inheritance. Other differences 
between parent and offspring we can not account for 
by using the laws of genetics. These are labeled “muta- 
tions”, which gives proof that we have recognized 
these changes even though we have not explained them. 
We have acquired some information on mutations and 
are constantly hunting for more. We know, for in- 
stance, some of the immediate precursors of a muta- 
tion, such as: X-raying of flowers at the time of the 
formation of their sex cells, with the resulting in- 
creased rate of mutation; concentrating cosmic rays 
above organisms by the use of lead plates with the 
resulting increase in mutation rate. We can not yet 
predict the kind or the degree of change caused by X- 
rays and cosmic rays, if indeed they are the causal 
agents. They do seem to be precursors. 

Mutations have been observed to be inherited by 
offspring of successive generations, unless the mutation 
makes the offspring less able to live in the environ- 
ment in which it is placed, in which case the mutated 
offspring dies and with it the mutation. If some of 
the mutated offspring, which do survive, are again 
mutated, new characters will be added, and so on and 
on. It would seem that we should be able to work 
backwards and detect the course of change, evolution, 
merely by locating individuals with less and less charac- 
ters, since presumably these characters came into being 
as mutations, or summations of them. In some instance 
we can construct such a series, but more often changes 
in the climatic and edaphic conditions, inorganic evolu- 
tion, has had the effect of making some individuals 
with some of the newly acquired characters less able 
to compete while others are better able to compete. 
In effect this destroys the continuity of the series of 
progressively-mutated individuals in successive genera- 
tions, leaving isolated “species”—if one is considering 
the smaller changes, “genera”—if one is considering 
the larger changes. 


The Concept, Species 


No definition has been universally accepted for the 
term “species,” or for the term “genus.” (cf Mayr 1957) 
At one time five concepts of the term “species” were 
more popular than the others, they were called the 
practical, morphological, genetic, sterility and biologi- 
cal. Later three concepts were distinguished; the pheno- 
typic, the genetic and the phylogenetic. Mayr (1957) 


says: 


ONE HUNDRED AND FOURTEEN 


THE SCIENCE COUNSELOR 


“Two facts emerge from these and other classifi- 
cations. One is that there is more than one species 
concept and that it is futile to search for the 
species concept. The second is that there are at 
least two levels of concept. Such terms as ‘prac- 
tical,’ ‘sterility,’ ‘genetic’ signify concrete aspects 
of species which lead to what one might call 
‘applied’ species concepts. They specify criteria 
which can be applied readily to determine the 
status of discontinuities found in nature. Yet they 
are secondary, derived concepts, based on under- 
lying philosophical concepts, which might also be 
called primary or theoretical concepts. I believe 
that the analysis of the species problem would be 
considerably advanced, if we could penetrate 
through such empirical terms as_ phenotypic, 
morphological, genetic, phylogenetic, or biological 
to the underlying philosophical concepts. A deep, 
and perhaps widening gulf has existed in recent 
decades between philosophy and empirical biology. 
It seems that the species problem is a topic where 
productive collaboration between the two fields is 
possible. 

An analysis of published species concepts and 
species definitions indicate that all of them are 
based on three theoretical concepts, neither more 
nor less. An understanding of these three philo- 
sophical concepts is a prerequisite for all attempts 
at a practical species definition. And all species 
criteria or species definitions used by the taxono- 
mist in his practical work trace back ultimately to 
these three concepts.” (The typological concept, 
the nondimensional species concept, the multidi- 
mensional species concept are the ones referred to.) 
The Typological Species Concept simply means a 

status determined by degrees of morphological differ- 
ences. This leads to problems in agreement as to the 
amount of difference necessary for a new species, a 
decision which must be arbitrarily made. 

“This static concept ignores the fact that species 
are not merely classes of objects but are composed 
of natural populations which are integrated by an 
internal organization and that this organization 
(based on genetic, ethological properties) gives the 
populations a structure which goes far beyond that 
of mere aggregates of individuals.” (Mayr 1957.) 
The Nondimensional Species Concept refers to the 

relationship of two co-existing natural populations at 
a single locality at a given time. It is based not on 
difference but on distinction, and this distinction in 
turn is characterized by reproductive isolation. The 
limitations of this concept become apparent when one 
thinks of applying the term species to something that 
existed in the past where obviously one can not apply 
the test of mating. Also, when one considers using this 
concept with respect to present-day individuals, such 
as oak trees which reach reproductive age very slowly, 
one realizes its limitations. One is forced to withhold 
decisions of species until the ability to interbreed, or 
the inability to do so, has been tested, for only by this 
means may one establish the completeness of dis- 
continuity. 

The Multidimensional Species Concept considers spe- 
cies as groups of populations, such groups that inter- 
breed with each other actually or potentially. Since 
populations exist in space and time, one lacks a clear 
demarcation by which one can delimit species using 
this concept. 
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Mayr (1957) has stated: 

A historical study of species definitions indicates 
clearly a trend toward acceptance of a synthetic 
species definition, often referred to as “Biological 
species” definition. It is essentially based on the 
nondimensional (“reproductive gap”) and_ the 
multidimensional (“gene flow’) species concepts. 
Nearly all species definitions proposed within the 
past fifty years incorporate some elements of these 
two concepts. 

At the close of the symposium in 1957 which was or- 
ganized to deal with “The Species Problem” a conclu- 
sion was made that a new branch of biology is de- 
veloping, the science of species. The study of biological 
properties of species has within recent decades led 
to the development of several new fields of biology 
such as: The Study of Speciation, The Study of Iso- 
lating mechanisms, The Study of Intraspecific and In- 
terspecific Competition. The Study of Genetic Structure 
of Species, The Study of Physiological Species Differ- 
ence, and others. 


It follows that if we can not agree on the boundaries, 
or even the definition of species as they exist in pres- 
ent-day plants and animals it is less likely that we will 
agree on species of fossils. If we can not delimit spe- 
cies to the satisfaction of all, it is hardly likely that 
we can adequately prove the exact course by which 
they came into existence, or the exact cause. However, 
we can hunt for evidence which will bring the solution 
nearer. 

This search for evidence for the course of evolution 
among fossil plants has revealed some very interesting 
data, some of which I should like to speak of here. Plants 
whose vascular system consists of a solid column, pro- 
tostele, can be found in rocks which are determined to 
be of earlier date than plants whose vascular system 
was not a solid column but rather a cylinder with a 
core of non-vascular tissue. 


The fossils of plants in the older rocks seem to have 
tracheids only within the water-conducting portion of 
their vascular tissue whereas some of the fossils in 
the later rocks seem to have both vessel segments and 
tracheids as cell types in their water-conducting vas- 
cular tissue. This led to the hypothesis that our present- 
day plants with vessels must have come from ancestors 
that had only tracheids. It may be well to point out 
at this time that whereas it may be safe to say that 
tracheid-bearing plants preceded the vessel-bearing 
plants in time and hence, in that sense, were ancestors 
of vessel-bearing plants, nevertheless it is not safe to 
read into the term “ancestor” any meaning of direct 
lineage as is carried by the term “ancestor”? when it 
is used by the sociologist or the average person in his 
daily speech. 

Fossils of plants which are homosporous, bearing 
spores all of which are the same, have been found in 
more ancient rocks than those which are heterosporous, 
bearing microspores and megaspores. Rocks formed 
later, in the Carboniferous period, hold fossils which 
retained the megaspore surrounded by the sporophyte 
tissue, the seed habit. It would seem safe to conclude 
that the seed habit was preceded in time by “ancestors” 


which were not seed bearing. The seed ferns in turn 
preceded in time the pines and the flowering plants, 
but this does not in any way say that our pines and 
flowering plants have a direct lineage with the seed 
ferns. Not until we can display a complete series of fos- 
sils each from successively more recent rocks and each 
bearing just a small additional change are we justified 
in making an hypothesis as to lineage, or to the cause 
of change. In searching for such a series, the paleobo- 
tanist has been on the lookout for intergrades not only 
in the formation of the seed, but also in the plant 
part that bears it, the sporophyll. It was suspected that 
in this series there would be some intergrade in form 
between the open sporophyll as we know it on the cones 
of pines and other conifers, and the closed sporophyll 
as we know it on the carpels of the Ranalian complex 
of flowering plants. Most paleobotanists rather sus- 
pected that such fossil intergrades would someday be 
found in the later rocks of the Paleozoic era. 


In 1934 Dr. A. C. Smith (cf. Bailey and Smith 1942) 
brought back from the Fijian island of Vanua Levu a 
collection from a specimen of a present-day tree which 
could not be identified for several years. Eventually 
the tree was given the name Degencria and was placed 
in a species, genus, and family of its own. Although 
it is like the members of the Ranalian complex in some 
characters, it is remarkably different from them in 
others, especially in male and female sporophylls. The 
stamen or male sporophylls (microsporophylls) . are 
broad throughout with four slender elongate sporangia 
that are immersed beneath the abaxial surface of the 
sporophylls, thus lacking the familiar differentiation 
of filament, anther and connective of most flowering 
plants, as well as the thick, reduced, two-sporangiate 
condition of the conifers. Along with Himantandria 
and the members of the Magnoliaceae these stamen of 
the newly discovered plant, Degeneria, form a series 
of differing shapes ranging from the sporophylls as 
found in certain of the conifers to the stamen differ- 
entiated into filament, anther and connective as found 
in most flowering plants. The carpel or female sporo- 
phyll (megasporophyll) of Degeneria is unique in that 
it is single and indehiscent, resembling an adaxially 
folded, three-veined sporophyll preceding and during 
anthesis. Furthermore the margins of the carpel are 
not infolded or coherent during ontogeny, but tend to 
flare apart externally, except at the base where they 
are actually coherent. The epidermal hairs of the two 
adjacent adaxial surfaces are glandular and interlock- 
ing, forming a stigmatic surface on the adaxial surface of 
the sporophyll close to the placentas where the mega- 
spores are retained in seeds. This is an intergrade be- 
tween the open sporophylls of certain conifers and the 
closed carpels of most flowers with externally recurved 
stigmatic surface. Here then is the intergrade that was 
expected to show up as a fossil, but which was not 
expected to have survived the elements of the environ- 
ment which cause discontinuity in such a series of in- 
tergrades. 

As was mentioned earlier we are all witnessing 
changes in the inorganic world, and we have evidence 
that changes have been going on for some time. It is 
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also apparent that some of the changes in our inorganic 
world are those which eliminate some of the intergrades 
in series of variants. In other words, an interrelation- 
ship exists between inorganic changes (inorganic evolu- 
tion) and organic changes (organic evolution). As was 
mentioned earlier, we have discovered immediate pre- 
cursors of the inorganic changes, and we have found 
several precursors of the small organic changes, muta- 
tions. We have some knowledge of the immediate cause 
even though we can not predict with accuracy the re- 
sults of the immediate cause nor can we do much in 
the way of controlling it. We are hence in both cases 
recognizing a force, causal and directive, yet omnipotent 
beyond our comprehension. 


Darwin's Conclusions 


How does our present concept of evolution, the fact, 
the course, and the cause, compare with those of the 
past? As early as the fourth century B.C. people were 
concerned about evolution. Some were more concerned 
with the cause of the changes in evolution and less 
with the steps of the changes. Others reversed the 
emphasis and thus were concerned more with the course 
of evolution and less with the cause. Perhaps the 
stage was best set for popularizing the discussion in 
the mid-nineteenth century when Haeckle was _ pub- 
licly supporting atheism. At that time Darwin, familiar 
with a great many plants and animals which he had 
seen and collected on his voyage on “The H.M.S. 
Beagle,” and which he had studied for twenty years 
after the voyage, made a few generalizations without 
benefit of Mendel’s discoveries, which have formed the 
basis for our genetics, also without benefit of De Vries’ 
first recognition of mutations. Darwin’s conclusions 
buried in the mass of data in his “Origin of the 
Species,” are these: 

1. No two individual plants or animals are identi- 

cal; there are variations. 

2. Many more offspring are produced than ever 
grow to maturity. 

3. Those offspring which are best able to survive 
in competition in a given environment are the 
ones which survive. 

4. The variation of the surviving individuals are 
passed on to their offspring. 

It appears that Darwin envisioned a self-perpetuat- 
ing progression of changes. His theory in no way 
deals with how this progression of changes got started, 
and since he was a religious man, it is unfair to say 
that his theory eliminated the need for a superior 
power to set this self-perpetuating continuing change 
into operation. His theory only eliminated the need 
for constant attention from a superior power in that 
the environment was seen as a tender which eliminated 
the least fit of the variations of individuals competing 
in a given area. 


Questions To Be Answered 


Since we now recognize the correlation of the in- 
organic changes in climate and edaphic factors, in- 
organic evolution, with the extinction of formerly suc- 
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cessful mutated individuals of plants and animals, we 
are faced with two questions: 


1. Are these inorganic changes self-perpetuating 
or are they constantly created by a superior 
power? 

2. What is the ultimate source of and control for 
cosmic rays and x-rays, both of which seem to 
be active in the formation of plant and animal 
mutations, which in turn seem to be necessary 
before variations occur among the individuals 
of a given progeny? From these variations, 
species in turn may be “isolated,” or made, by 
the unsuccessful competition in some environ- 
ments by certain of these individuals with the 
least fit changed character. 


Lacking answers to the two questions above, we are 
in a position where we must assume a superior power 
to set up the highly intricate systems of continuing 
change, both inorganic evolution and organic evolution, 
which are interacting constantly and becoming ever 
more complex. Furthermore, we are forced to admit 
that we can neither confirm nor deny that these are 
self perpetuating. 


In the past hundred years, we have come to appre- 
c‘ate more fully the fact of evolution by finding more 
and more of the proof that things have not always been 
the same and that they have changed in a pattern, in 
fact several interrelating patterns. But, if we have 
advanced at all in understanding the cause and the 
method of organic evolution, it is in realizing more 
fully the intricacy of pattern of changes and the 
omnipotence of the superior power directing and con- 
trolling it. @ 
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Modern Mathematies 


Dear Editor: 


Although you do not have a column of letters to the 
editor, I thought your readers interested in Sister M. 
Stephanie’s excellent article “The Impact of Modern 
Mathematics on the Catholic High School” would be 
interested in examining two other experimental ap- 
proaches to elementary and secondary school mathe- 
matics. 

The first is “Mathematics for the Seventh Grade” 
(University of Maryland, Mathematics Project—Junior 
High School, College of Education, University of Mary- 
land, College Park, Maryland). 


The second, which, I think, is particularly outstand- 
ing, is “Basic Mathematics for Elementary Teachers” 
by B. H. Gundlach, Department of Mathematics, Bowl- 
ing Green State University, Bowling Green, Ohio. Both 
are available in mimeographed form from the respec- 
tive universities. 

FREDERIC B. VIAUX 
Academic Dean 
The Garland School, Boston 
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The New importanee of Bromine 


e By Albert E. Deline 


TECHNICAL SERVICE REPRESENTATIVE, MICHIGAN CHEMICAL CORPORATION, SAINT LOUIS, MICHIGAN 


Too often we are inclined to overlook the im- 
portance of familiar things. This may be true 
of bromine. 

The fact that our production of bromine in- 
creased from one million pounds per year in 1922 
to 200 million pounds per year at present, is only 
one indication of the importance of this interest- 


ing element. 


It would be difficult to name a substance that is more 
useful, or is used by more people, than bromine. Nearly 
every gallon of gasoline manufactured today contains 
bromine in the form of ethylene dibromide for, without 
this magic liquid, tetraethy] lead antiknock could not 
function properly. Bromide emulsions are essential to 
photography and have entered into the developing 
process ever since the invention of photography more 
than a hundred years ago. Bromine compounds are the 
basis of important pharmaceuticals, particularly nerve 
sedatives. 

History of Bromine 


Bromine has an interesting history. It was first 
isolated by the French chemist, A. J. Balard, in 1826. 
It was the last of the major halogens to be prepared, 
chlorine and fluorine having been discovered in 1774 
and iodine in 1812. Balard found that when he added 
chlorine to a brine from the salt marshes of southern 
France, a dark reddish color appeared. He first thought 
that he had iodine chloride but further work convinced 
him that he had discovered a new element, a dark 
brownish-red liquid, to which he gave the name 
“bromine.” Balard did a great deal of pioneering with 
bromine, its salts and acids, and considering the 
meager facilities with which he had to work, his 
accomplishments are remarkable. 


It is said that the great German chemist, Justus von 
Liebig, almost discovered bromine. One day he re- 
ceived in his laboratory a brine sample containing a 
reddish liquid. Believing it to be an iodine compound 
and of no special importance, he set it aside. In his 
later years he liked to show this sample to his students 
and refer to it as “Liebig’s mistake.” 


The first commercia! production of bromine was not 
in Europe, but in the United States at Freeport, Penn- 
sylvania, in 1846. The first American patent related to 
bromine manufacture was granted to Amalie Stieren 
of Natrona, Pennsylvania in 1854. 


With the discovery of the Strassfurt salt deposits 
about 1858, Germany became the world’s leading bro- 
mine producer and retained this supremacy for more 


MILLIONS OF POUNDS of bromine compounds are used yearly to 
fumigate warehouses, grain storages, and soils for control of 
insect pests. Here, a plant seed bed is treated with methyl 
bromide for simultaneous control of weed seeds, insects, and 
certain plant diseases. A plastic cover confines the gas. After 
fumigation, the cover is removed, the soil aerated, and planted. 


than fifty years. This was a relatively dark age in 
American chemical technology whereas German science 
Was even then in an advanced state of development. It 
is a tribute to their ingenuity that American manu- 
facturers were able to compete. Nevertheless, the bro- 
mine industry enjoyed a moderate growth in the West 
Virginia, Ohio and Pennsylvania area, and was able 
to hold its own in the domestic market. The German 
monopoly was broken and the price of bromine dropped 
from $10 to $12 a pound to less than 50 cents a pound. 


Early processes for bromine were mostly batch and 
rather crude by today’s standard. These involved treat- 
ing bromine-bearing brines with manganese dioxide 
(or other oxidizing agent) and sulfuric acid, then 
distilling. Thus bromine was produced by very much 
the same technique used by many a high school or 
college student in laboratory preparation of the element. 
A sample reaction: 


MeBre + MnO» + 2H»SO, Bre + MgSO, + MnSO, + 
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During the 1890’s continuous processes began to 
appear both in Europe and in the United States. All 
of these involved chlorinating the brine in stoneware, 
towers, chlorine replacing the combined bromine: 

XBre + Cl. Bre 


The German processes removed bromine from the 
hot liquors by distillation whereas the best-known 
American process used a current of air to aspirate the 
liberated bromine. 


At the outbreak of the First World War, the bromine 
industry was still a relative infant producing only a 
few hundred thousand pounds a year. It is little 
wonder that shutting off German supplies caused the 
price of bromine to rise temporarily above $6.00 a 
pound. Production was increased, the wartime demand 
was met—not without considerable difficulty. By 1922, 
American production had reached a modest one million 
pounds a year, a figure which certainly did not indicate 
the vital importance of bromine to the economy. 

Then came the revolution. 


An array of brand-new uses, spearheaded by the de- 
mand for ethylene dibromide, a gasoline additive, caused 
bromine production to rise spectacularly to heights that 
could not have been foreseen by early chemists and 
producers. A million pounds a year became 8 million 
pounds in 1930, 33 million pounds in 1938, and reached 
a high of 102 million in the Second World War. Present 
United States production is about 200 million pounds a 
year. This tremendous increase in bromine requirement 
has been met by construction of seawater plants, by 
improved pumping techniques which permit tapping of 
the deeper, richer, more productive underground brines, 
and by removing bromine from concentrated brines 
available as by-products of other chemical processes. 


Occurrence and Properties 


Bromine, like other active elements, is never found 
in its native state, but as highly soluble bromide, usually 
magnesium bromide. Furthermore, the bromide is 
always associated with the chlorides of calcium, mag- 
nesium, and potassium. Bromine is not associated with 
sodium chloride brine except where other chlorides are 
also present. Thus, bromine is not found in solid 
deposits of common salt. 

Seawater, a chief bromine source, contains 67 to 72 
parts a million of bromine in the form of magnesium 
bromide, the higher concentrations being found in in- 
land seas such as the Mediterranean. Natural brines, 
which are the oceans of other geologic eras, carry 
0.12°7 to 0.45% bromine as the calcium or magnesium 
salt. Solid deposits, such as the Strassfurt, contain 
about 0.4% to 0.5°7 bromine. 

Bromine production occurs in a number of places in 
the United States. It is extracted directly from sea- 
water in Texas, and from solar evaporation brines in 
California. Michigan is by far the largest producer 
of bromine from subterranean brines, but there are 
plants also in Arkansas, West Virginia, and Ohio. 
Bromine is also produced from the surface brines at 
Searles Lake, California. 


ONE HUNDRED AND EIGHTEEN 


THE SCIENCE COUNSELOR 


Of the ninety-two naturally occurring elements bro- 
mine is the only one, except mercury, which is liquid 
at ordinary room temperature. It has a specific gravity 
of 3.12 at 20°C, boils at 58.8°C, and freezes at —7.3°C. 
Bromine is element No. 35 in the periodic system with 
an atomic weight of 79.916. As found in nature, it 
consists of two isotopes, Bromine 79 and Bromine 81, 
but thirteen artificial or radioactive isotopes have been 
discovered, and some of these have already been valuable 
in studying the reactions and properties of the element. 


The reactivity of bromine is the key to its usefulness 
in chemical synthesis. Bromine is readily reduced to 
hydrobromic acid or to a bromide by such reagents as 
phosphorus, sulfur, and ammonium compounds, and 
oxidizable metals. For example, when sulfur dioxide 
is passed into bromine in the presence of water, hydro- 
bromic acid is formed as follows: 

SO. + Br» + 2H.O —— 2HBr + H.SO, 


Bromine will readily add to many organic compounds, 
either spontaneously or with the aid of heat and/or 
catalysts. Bromine may add directly to an organic 
compound, as in the formation of ethylene dibromide 
from bromine and ethylene. In more instances, how- 
ever, bromine replaces hydrogen with the formation 
of by-product hydrobromic acid, as in the preparation 
of monobromobenzene: 

+ Cy, H;Br 
benzene monobromobenzene 


+ HBr 


In performing brominations, the chemist is not limited 
to elemental bromine, but also has hydrobromic acid, 
phosphorous bromides, metal bromides, and_ special 
organic bromine compounds at his disposal. 


The replaceability of bromine is a fact of great 
importance in organic synthesis and is of special sig- 
nificance in the manufacture of dyes, pharmaceuticals, 
hormones, and steroids. 


The potentially hazardous nature of bromine should 
be borne in mind by chemists, instructors, and students. 
Bromine is an extremely irritating liquid which, in 
contact with the skin, will produce burns which are 
slow to heal. The vapors are extremely distressing, 
therefore the material should be handled in a good 
fume hood and with proper care. Like chlorine, bromine 
is very poisonous but its excellent warning properties 
help to prevent dangerous exposures. There is no 
reason why responsible individuals, under proper super- 
vision, cannot handle bromine safely. 


Uses of Bromine 


Prior to the 1920’s, a small amount of bromine was 
used in dyes or dye-intermediates, a little was employed 
for gold extraction, and there was occasional use as an 
oxidizer or intermediate in the laboratory or in analyti- 
cal chemistry. Most of the element was made into 
sodium, potassium, and ammonium bromides and con- 
sumed principally in photography and medicine. 

About 1923 Thomas Midgley, C. F. Kettering, and 
their associates discovered that, by adding tetraethyl 

(Continued on Page 136) 
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Catalysts and Automobiles 


e By F. William Kirsch, Ph.D. 


HOUDRY PROCESS CORPORATION, MARCUS HOOK, PENNSYLVANIA 


Catalysts have applications which in number 
and in scope far exceed their treatment in most 
elementary chemistry texts. 

The author of this highly informative article 
emphasizes the manifold dependence of a particu- 
lar industry on catalysts, while indicating funda- 
mental principles underlying their still wider 
applicability. 


In an age which accepts the phenomenal as common- 
place, the word catalyst still evokes an aura of mystery 
and amazement. Certainly this is true of one group 
of man’s longest known catalysts—the enzymes which 
regulate the metabolism of our bodies. It is no less 
true of the substances which control or make practi- 
cable many of our accepted necessities of living. In this 
latter category we place such items as food, clothing, 
and shelter, which depend in whole or part on indus- 
trial products made successfully by the action of a 
-atalyst. 

Another industrial product of prominence on the 
scale of man’s material values is the automobile. And, 
to my knowledge, no other single industrial product 
depends on catalysts more for its development and 
operation than the automobile. 


Although economists and sociologists may debate the 
precise importance of the automobile, all must admit 
a striking parallel between the sales of new cars and 
the economic vitality of the nation. An industry whose 
product sales average more than one billion dollars per 
month must strongly influence all economic activity. 
Yet that was the approximate record of the automobile 
industry for the first eight months of 1958—a time 
which, incidently, showed new car sales to be averaging 
only about 65‘; of their level one year ago. 


One method of appreciating the close kinship of 
automobiles and catalysts is to separate them mentally. 
Do that, and you take away not only the car’s aesthetic 
accessories such as paint and upholstery but also es- 
sentials like fuel, tires, antifreeze, safety glass—even 
the steering wheel. All of these components depend on 
catalysts for their production, and with some items the 
dependence is virtually complete. Without catalysts the 
gasoline which powers the modern high-compression 
engine would be either non-existent or costly beyond 
the means of all but a meaninglessly few people. 


What, then, is this ubiquitous agent called a catalyst? 
Perhaps an analogy is a good starting point. Assume 
that a large number of non-informed people want to 
cross a natural barrier—a mountain range, perhaps. 
If they want to cross it with a minimum of toil and a 
maximum of speed and pleasure, they hire a well-in- 


formed guide. He is only one among many, but he holds 
the key to a rapid crossing. In the case of a chemical 
reaction, the reactant molecules form the “crowd” 
trying to get to another place—or more properly, be 
transformed into other molecules. The catalyst is the 
guide—exceedingly small in amount but essential— 
which increases the speed of the desired reactions. 
And the science we call catalysis. 

In actual practice, the reactant molecules are fed 
into a vessel containing the catalyst and there undergo 
chemical changes as a result of their intimate contact 
with the catalyst. Then the product and unchanged 
reactant are removed and separated by chemical or 
physical methods. Although “batch” operation is still 
widely practiced, many processes operate continuously 
as a result of technological advances made in recent 
years. In a continuous “fixed bed” process, liquid or 
vaporized reactant flows over a solid catalyst which 
remains stationery in the reactor. Continuous processes 
of the “moving bed” type circulate catalyst particles 
through the reactor by gravity, countercurrent to the 
stream of reactant. The flowing catalyst promotes in- 
timate contact with reactant molecules and also acts 
as a heat transfer medium. 

Catalytic cracking of petroleum fractions to gaso- 
line is a commercial example of a continuous process 
which has employed both “fixed” and “moving beds.” 
This process further requires that spent catalysts be re- 
generated periodically by air-burning of accumulated 
deposit. With a “moving bed” this regeneration is also 
accomplished continuously in a separate kiln while the 
catalysts is outside the reactor. A “fixed bed” process 
employs stand-by, parrellel reactors in some of which 
the chemical or “process” reactions occur while other 
reactors are being simultaneously regenerated. 

Catalytic processes are used because of vastly im- 
proved product yield and quality which are unattain- 
able without a catalyst or attained only at uneconomic 
conditions. Among the chemical reactions which are 
characteristic of catalytic cracking and enhance its 
value relative to the thermal process are: skeletal iso- 
merization, cyclization, and the transfer of hydrogen 
from one hydrocarbon molecule to another. The catalyst 
indeed functions as a guide to reaction paths which 
would otherwise be too costly or completly inaccessible. 


As mentioned previously, the word catalyst has 
often been associated with mystery and, sometimes, 
with a kind of superstitious alchemy. The day of the 
alchemist is long past, but much of the mystery re- 
mains. Perhaps this is the stimulant which drives men 
forward in the quest of the “scientific how.” What- 
ever the cause and regardless of how much remains 
to be discovered, men of science have reached an under- 
standing of some catalytic mechanisms. These are the 
milestones of the future, and our brief examination of 
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catalysts and automobiles requires that we first ex- 
plore a few basic concepts and then proceed to their 
application. 

Catalyst Properties 

a. Physical Properties 

Although catalysts may essentially take the form 
of gases, liquids, or solids, it is with the last two of 
these that we find the largest amount of study and use. 

Hydrofluoric and sulfuric acids are by far the most 
widely used liquid catalysts. Sometimes, halogen acids 

such as hydrofluoric and hydrochloric—are combined 
with other halides. Boron trifluoride and aluminum 
chloride are two agents often used in conjunction with 
halogen acids to accomplish acid-catalyzed reactions- 
such as the structural rearrangement or isomerization 
of hydrocarbons. 

Solid catalysts, however, find the widest usage and 
provide us with some of the most amazing physical 
properties known to man. Chief among these is their 
surface area. Porous solids, such as those based on 
silica gel, frequently have areas of six or seven hundred 
square meters per gram. This means that in a catalytic 
cracking unit with an oil processing capacity of 20,000 
barrels per day, the eight hundred tons of catalyst 
which are present have an internal area of 60,000 
square miles—about equal to the combined areas of 
New Jersey, New York, and Connecticut. An even more 
impressive statistic is made by the 365,000 tons of 
siliceous cracking catalyst manufactured each year 
in the United States. The combined area of that amount 
of catalyst is greater than the total land area of this 
planet. The pores of these catalysts are necessarily 
small but extensive. In a single gram of catalyst, it 
is common for the combined pores to correspond to a 
single pore ten million miles long. 

Catalysts decrease in area because the porous net- 
work is partially destroyed or sintered—principally by 
high temperatures or low temperatures abetted by 
steam or another deactivating agent. Loss of activity 
often accompanies loss of area. 


Processes which employ a “moving-bed” technique 
in which the catalyst is circulated through or mobilized 
in the reactor—also require other physical properties 
including hardness, abrasion resistance, and a desired 
density. Since catalysts are usually sold by weight 
but processed on a volume basis, a low bulk density 
also can offer price advantages to the processor. 


hb. Chemical Properties 

By reviewing the volumes written about catalysis 
the reader would likely conclude at first that almost 
all chemical elements are catalytic. However, all is 
not chaos, and a rough correlation is possible in terms 
of these categories: oxides, halides, sulfides, and metals. 
In particular, some of the transition metals of the 
Periodic Table and metals of variable valence are cata- 
lytic as elements or compounds of the types already 
named. 

At least as important as the chemical identity is 
the precise structure of a catalyst. This feature, how- 
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ever, is often incompletely known from present tech- 
niques of measurement. Very frequently small traces of 
substances impart catalytic activity to an otherwise in- 
active material. This is especially true with water, ana 
the degree of hydration is known to have a strong 
effect on many catalysts—for better or worse. 


The “worse” is to be interpreted as “poisoning” a 
catalyst, which is a phenomenon encountered commonly. 
Because the total amount of catalyst used is always 
small relative to the reactants and products, only a 
small quantity of “poison” is necessary to inhibit or de- 
stroy catalytic activity. For example, platinum catalysts 
supported on a porous base can lose all activity after 
contact with only a few parts per billion of arsenic 
in the reactant stream. 

This discussion of chemical properties suggests cor- 
rectly that catalysis is essentially chemical in nature. 
According to the most widely accepted mechanisms, 
reactant molecules form a “complex” with active sites 
on the surface of the catalyst. These active sites may 
comprise only one or two percent of the total surface 
area, but this is sufficient for the reactant molecules 
to become “activated” by acquiring new properties. 
Then the “complex” decomposes, releasing molecules 
of product which escape from the surface. 


As a result of fundamental research by the staff of 
the Houdry Process Corporation and of other labora- 
tories, something is known of the reactive species pro- 
duced by the catalysts. Diverse reactions can be said 
to occur by an “acid mechanism” which forms car- 
bonium ions. The acids are considered to be of the 
Lewis type (electron acceptors). With hydrocarbons, 
this mechanism relates such reactions as alkylation, 
isomerization, polymerization, cracking or de-polymeri- 
zation, and the transfer of hydrogen between molecules. 
A very new technique measures the infrared spectra 
of molecules while they are on the catalyst surface. 
Carbon monoxide on platinum and ammonia on s.lica- 
alumina are two of the systems which have been re- 
cently investigated in this manner. 

Catalysts capable of accelerating two distinct re- 
actions have been utilized commercially within the 
last ten years. A catalyst prepared by incorporation 
of platinum with alumina in the proper way is an 
outstanding example of this type, permitting efficient 
conversion of methyleyclopentane to benzene—a_re- 
action requiring both isomerization and dehydrogena- 
tion. 


c. Catalytic Properties 

The most important question about catalysts has 
been only partially answered: how do they work? No 
single answer is possible. We have seen that surface 
area is important, along with structure and composi- 
tion. But much is still known only in part. 

In the light of present knowledge, catalysts function 
by one of two general sets of capabilities: a) acid-base 
or b) electron defect. 

Just as certain materials operate by the already 
discussed acid mechanism which produces carbonium 
ions, other materials have basic properties and form 
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carbanions. The polymerization of isoprene in a struc- 
turally ordered form by lithium metal is an example of 
the carbanion type. 


Less well understood but all the more interesting 
are the catalysts used for oxidation reactions and hy- 
drogenation-dehydrogenation. In this category are met- 
als, oxides, and sulfides of nickel, cobalt, platinum, 
chromium, molybdenum, vanadium, and others. Various 
theories have attempted to identify their catalytic 
activity with unfilled electron levels and their electro- 
magnetic and semi-conductive action. Progress is being 
made, but the key has not yet been found—provided 
there is a single key. 


Selectivity 


Undoubtedly the most important property of all 
catalysts is their selectivity. The level of activity can 
often be raised or lowered by changes in operating 
conditions. But it is their selectivity which makes cata- 
lysts desirable and economical; that is, their ability 
to promote certain reactions to the exclusion of others 
which are thermodynamically probable. When a catalyst 
is poisoned, the effect is often more apparent in its 
selectivity than activity. With dual function catalysts, 
“poisoning” is known to upset the functional balance, 
and one reaction is suppressed while the other is ac- 


centuated. Some nickel and platinum catalysts are prone 
to display this phenomenon. 


It is the selectivity of a catalyst, therefore, which 
ultimately dictates its use in order to achieve a desired 
reaction by energy paths which are unattainable by 
other means, such as heat or radiation. 


Catalysts and Automobiles 


If automobiles depended on catalysts for nothing 
other than their fuel, they could be described as a 
product of catalysis. The relationship extends, how- 
ever, to many materials necessary to the automobile’s 
operation and conducive to its passengers’ comfort. 
In the succeeding paragraphs we shall examine this 
relationship in some detail. 


Fuel 


The largest single user of catalysts, the petroleum 
industry, is also known for its many and varied con- 
tributions to catalysis. Most prominent of these are 
the processes which turn out millions of barrels per 
year of gasoline having the quality required by the 
modern automobile engine. The Houdry Process Corpo- 
ration, in conjunction with the Sun Oil Company and 
the Socony-Mobil Oil Company, demonstrated the first 
commercial catalytic cracking process in 1936. Since 
that time Houdry has continued its leadership as a 


TABLE I 


MAJOR CATALYTIC PROCESSES IN PETROLEUM REFINING 


Feed Process 


Isomerization 


4 
\ 

\ 


Polymerization 


“alkylation 


Principal Reactions 


butane ——butene 
n-butane and butene —— butadiene 


Catalysts 


n-butane isobutane —AICI; 


Fe» Oz -Cre O2-K» CO; 
Ni-Ca-PO, 


Propene plus butene —— hexene, heptene —H;PO,; Cu pyrophosphate; 
\ and octene 


Si0,-Al.O; 


Isobutane plus propene and butene —-+ —HF; H.SO, 


isoheptanes and isooctanes 


Reforming 


naphthenes —— aromatics + H» 


— | MoO;-Al.0;; 
| 


n-paraffins——isoparaffins+ aromatics | { 
4 S compounds —~> H:S | Pt ete. + acid support 
f | Co-Mo-Al Oxides 
Gasoline f Isomerization n-paraffins —— isoparaffins Metal + acid support 
\ 
Desulfurization S compounds type; Co-Mo-Al 
Oxides; Bauxite 


\ Denitrogenation 


Gas Oil——————Catalytic 
Cracking 


Desulfurization 


N compounds —~ NHs 


Hydrocarbon crack, hydrogen trans- —SiO»-Al»O3; Si0.-MgO; 
fer, cyclize, isomerize 


S compounds —— H:S 


Co-Mo-Al oxides 


Clays 
Ni-type; Co-Mo-Al Oxides 
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developer and licensor of catalytic refining processes 
to petroleum companies throughout the world. This 
single event, the commercialization of catalytic crack- 
ing, widened the horizons of industrial catalysis. For 
the first time, large-scale catalytic processing was 
established by virtue of the quality of its products and 
the economics of its operation. Catalysis had surely 
acceded to its commercial eminence, above the level 
of the laboratory invention. 


Both natural clays—such as halloysite and kaolin— 
and synthetic silica-alumina have found wide acceptance 
as catalysts for catalytic cracking. Researchers at the 
Houdry Process Corporation and other laboratories 
characterized the essential quality of these catalysts as 
an acid function operating through a carbonium ion 
mechanism. 


This in turn led to a unification of thought which 
classified other hydrocarbon reactions within this 
category. As a result, new processes were commercial- 
ized or vastly improved. The catalytic refining pro- 
cesses which utilize acid catalysts are summarized 
in Table I. 

Also shown are the numerous other processes in 
which catalysts play varied but essential parts. Of key 
importance among these is reforming with platinum 
catalysts, which ten years ago was unknown and today 
ranks second only to catalytic cracking in capacity 
in United States refineries. Hydrodesulfurization is 
growing at a rapid rate as crude oils of high sulfur 
content (2 to 5‘, ) are used. Cobalt-molybdena-alumina 
and various nickel preparations are the catalysts used 
most often for hydrodesulfurization. 


In another aspect, lead tetraethyl is a negative 
catalyst for fuel combustion, freeing the engine from 
“knock.” 

Tires 


World War II tremendously accelerated the appli- 
cation of synthetic rubber in the automobile tire. Al- 
though only one of the synthetics is closely similar 
in physical properties to natural rubber, the term 
synthetic rubber is generally applied to high polymers 
which approach the natural product. The one synthetic 
which has the same ordered structure as natural rubber 
results from a_ stereospecific polymerization of iso- 
prene by lithium metal. This relatively new type of 
reaction was mentioned previously as an example of 
‘atalysis by a carbanion mechanism. 

About 75 to 80°. of the synthetic rubber is the GR-S 
type, which consists of about 757 butadiene and 25% 
styrene. Their polymerization is accomplished by per- 
oxide catalysts which are emulsified with the monomer. 
These catalysts, which function by a free radical mech- 
anism, represent a type of homogeneous catalysis. Most 
of the catalysts for gas-and liquid-phase reactions that 
are discussed in this article are examples of heterogen- 
eous catalysis. 

Heterogeneous catalysts have their largest applica- 
tion to synthetic rubber in the processes for production 
of raw materials. Butadiene is made by dehydrogena- 
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tion of n-butane over chromia-alumina catalyst in an- 
other process developed and licensed by the Houdry 
Process Corporation. Styrene is produced by two cata- 
lytic processes: 1) alkylation of ethylene and benzene 
with an aluminum chloride catalyst; and 2) dehydro- 
genation of the ethyl benzene in the presence of 
chromia supported on magnesia and alumina. 


Tubes and Gaskets 


Tire tubes are the product of the acid catalyzed 
polymerization of isobutene and 1 to 2‘% butadiene. The 
isobutene is largely a by-product of catalytic cracking. 

Specialty rubbers such as neoprene are used for 
gaskets and other applications requiring resistance to 
hydrocarbons and other chemicals. Neoprene is also 
a catalytic product in that cuprous chloride is used 
to dimerize acetylene to vinyl acetylene, which is the 
starting material for neoprene. 


Tire Cord 


Even the nylon tire cord is a product of catalysis. 
Among the catalysts contributing to nylon are: 1) 
platinum or nickel for the hydrogenation of benzene 
to cyclohexane; 2) cobalt acetate for the oxidation 
of cyclohexane to cyclohexanol and cyclohexanone; 3) 
cuprous chloride and palladium for the production of 
adiponitrile; and 4) nickel for conversion of the nitrile 
to hexamethylenediamine by hydrogenation in the pres- 
ence of ammonia. The ammonia itself is a catalytic 
product made from nitrogen and hydrogen reacting 
over potassium-promoted iron-alumina. 


Antifreeze 


Methanol and ethylene glycol are the principal anti- 
freeze compounds added to the automobile’s cooling 
system. Both are products of catalysis. 


In the manufacture of methanol from natural gas 
and steam, a zine oxide catalyst is important for de- 
sulfurization; a nickel catalyst for the production of 
synthesis gas (carbon monoxide and hydrogen); and 
copper combined with oxides of other metals for the 
synthesis of methanol. 

A starting point in ethylene glycol manufacture is 
the catalytic oxidation of ethylene to the oxide in the 
presence of a silver catalyst. 


Accessories 


Upholstery fabrics of nylon and saran are also 
products of catalysis. Nylon has already been described, 
and saran is a copolymer of vinyl chloride and vinyli- 
dene chloride. The former is synthesized with activated 
‘arbon and mercurous chloride; the latter, with ferric 
chloride. 


Polyurethane foams for the car seats result from 
the catalytic action of acids and bases. A basic catalyst 
for this reaction is produced by the Houdry Process 
Corporation under the trade name DABCO. 


(Continued on Page 134) 
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Career Opportunities in the Challenging 


Field of Atomie Energy 


e By Ralph A. Hawley 


PERSONNEL DEPARTMENT, ATOMICS INTERNATIONAL, A DIVISION OF NORTH AMERICAN AVIATION, INC. 


The development of nuclear reactors capable of 
producing economic power demands a large sup- 
ply of specially trained personnel. Manpower 
needs will increase as this new field develops. 


Guidance counselors and teachers will find 
much useful information in this article. 


The discovery of atomic fission seventeen years ago 
by Enrico Fermi, the noted Italian scientist, was the 
key that unlocked the door to atomic power. Fermi’s 
first chain reaction has been called as important as the 
discovery of fire or electricity and has opened hundreds 
of fields of nuclear research for scientists and engineers 
throughout the world. 


To properly understand the benefits we are receiving 
and will receive from atomic energy, it is necessary to 
keep in mind the specific products obtained from nu- 
clear fission. When fissionable atoms split, two useful 
products are generated: heat and radiation. These two 
products provide a foundation upon which the entire 
architecture of nuclear applications is built. 


The fledgling commercial nuclear power industry is 
based upon the heat obtainable from the fission process. 
Sponsored by or under the authority of the U.S. Atomic 
Energy Commission, a number of approaches are being 
made toward the development of economical power 
from atomic energy. 

The primary goal is to achieve power from atomic 
energy at the same or for less cost than the power we 
now get from conventional fuels. At first glance one 
might think that there is an awful lot of effort being 
put into this program simply to get even with some- 
thing we already have. This is not the case. Costs of 
power from conventional fuels today are not expected 
to remain at the present level much longer. While the 
coal and oil reserves of the world are quite large, the 
increasing demands for power over the next twenty to 
twenty-five years are expected to seriously diminish 
these fuels and increase their costs. Nuclear power 
should be ready to supplement conventional fuels by 
that time. 

As we continue to develop our technological and in- 
dustrial fields making life easier, more enjoyable, we 
rely generally on one basic commodity—power. It has 
recently been pointed out that between the morning and 
evening meals every day there is an average of about 
35,000 people added to the world’s population. Our 
reliance on power plus spiraling population growth in- 
creases the demand for more and more power as we 
go into the future. 


The tool by which atomic power has been introduced 
is the nuclear reactor. While development of reactors 
suitable for the production of economic power is still 
in the experimental stage in the United States, many 
reactor types and concepts have already indicated that 
the nuclear power program will be highly successful. Be- 
cause they offer greater and more versatile use of 
natural resources, reactors have been hailed as one of 
the most significant technological advances in history. 


There are many areas of the world today where the 
costs of producing nuclear power is about the same as 
power obtained from conventional fuels. Great Britain, 
for example, hopes to save forty million tons of coal 
per year by 1975 by the use of power from nuclear 
energy. Coal is rapidly becoming hard to obtain in the 
British Isles and oil is being imported. 


Physicist At Atomics INTERNATIONAL. a division of North 
American Aviation, Inc.. checks core for nuclear research re- 
actor built by the company. Atomic fission, the “splitting” of 
atoms which produces radioactivity and neutrons, takes place 
in the heavy stainless steel core. Atomics International has 
designed, built and shipped research reactors to nuclear study 
centers in Denmark, West Berlin, Frankfurt, Italy and Japan, 
in addition to supplying research and training reactors for a 
number of institutions in this country. 
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Woven Have Discoverep successful and interesting careers in the field of 
atomic energy. This woman is a research engineer at Atomics International, 
a division of North American Aviation, Inc., at Canoga Park, California. 
She is a specialist in chemical analysis and applied spectroscopy and has 
authored several papers about the nuclear energy field. Qualified women 
ire finding more and more openings in the atomic energy industry. 


For “power short” areas, and for applications where 
performance rather than cost is the most predominant 
requirement, nuclear power is no longer “just around 
the corner,” but is here, today. The nuclear submarine 
is a good example of this fact. While our military 
organizations are cost-conscious, the higher operating 
costs for the Nautilus submarine are almost insignifi- 
cant in view of the greatly increased performance 
made possible by the use of a nuclear fuel. The mili- 
tary agencies have also shown interest in package 
power units, which will make possible the installation 
of nuclear power plants for advance and remote oper- 
ating bases, greatly reducing the logistics problem of 
moving large quantities of conventional fuel. 

The Atomic Energy Commission has established a 
program to study the many proposed concepts of pro- 
ducing commercial power from atomic energy. Suc- 
cessful operation of two experimental types of atomic 
power reactors, the Organic Moderated Reactor Ex- 
periment (OMRE) and the Sodium Reactor Experiment 
(SRE), by Atomics International, a division of North 
American Aviation, Inc., indicate both concepts are 
big steps forward in the evolution of nuclear power. 


The company is operating the OMRE for the Atomic 
Energy Commission at the National Reactor Testing 
Station in Idaho. An OMR type reactor power plant 
will be built by Atomics International for the City of 
Piqua, Ohio; and an OMR powered maritime ship also 
is being studied. 

The SRE, which uses sodium as a coolant, is being 
operated by Atomics International near the company’s 
plant in Canoga Park, California. Another project of 
the AEC, the SRE concept has been selected to provide 
heat for a 75,000 kilowatt electric plant for the Con- 
sumers Public Power District of Nebraska. The SRE 
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was the first non-military nuclear reactor 
to produce power for the generation of elec- 
tricity by a private utility. 

Additionally, nuclear reactors for re- 
search have been designed, built, and shipped 
to research centers in countries throughout 
the world by the company. 

The extensive reactor programs carried 
on by United States nuclear firms require 
fully equipped, special facilities for many 
operational phases. Nuclear plants have 
provided the best obtainable equipment, 
some of it designed by the industry itself, 
for scientific and technical personnel. 


In general, an atomic development com- 
pany’s key work is carried on in the fields 
of research, reactor and component con- 
struction, and engineering. 

At Atomics International important oper- 
ational departments include research, reac- 
tor development, component development, 
chemical process development, technical 
services, and engineering. In addition, a 
number of other units are maintained in 
support of operations. They include technical sales, 
accounting, shops, facilities, data, personnel, adminis- 
tration, finance, contracts, and other support groups. 


Personnel requirements continue to be broadest, how- 
ever, in the scientific and highly technical aspects of 
nuclear development. Atomics International’s personnel 
requirements are typical of major firms in the nuclear 
industry. They are detailed below under each depart- 
ment in the company’s technical organization. 


Research 


Theoretical Neutron Physics covers neutron thermal- 
ization, reactor kinetics, perturbation theory, and neu- 
tron-nucleus interactions. Numerical analysis in sup- 
port of reactor theory, general engineering, and other 
groups by providing general mathematic services also 
is practiced. Typical positions: theoretical physicist and 
mathematician. 


Experimental Neutron Physics. Research and meas- 
urements on nuclear reactor behavior are planned and 
conducted, including fundamental properties of reactor 
lattices. Research is conducted on neutron diffusion and 
slowing down. Typical positions: experimental physi- 
cist with reactor physics training. 


Solid State Physics. Basic research in the physics of 
solids is conducted. Data and physical concepts on the 
use of materials under operating conditions in advance 
nuclear reactors is provided. Typical positions: theoreti- 
cal physicist, experimental physicist, physical metal- 
lurgist, physical chemist. 


Materials Research studies the corrosion character- 
istics of various materials. Special attention is directed 
to behavior of systems containing liquid metals in con- 
tact with zirconium and high temperature alloys. Typi- 
cal positions: physical chemist, physical metallurgist, 
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ceramist with experience in relationships 
of refractory materials, chemical engineer, 
corrosion engineer, heat transfer engineer. 
Chemical Research conducts research in 
the fields of inorganic, radiation, and ana- 
lytical chemistry. Inorganic chemical re- 
search deals with chemical reactions and 
equilibria, especially at high temperatures. 
Radiation chemical research studies the 
effect of radiation on various substances, 
while analytical research provides new pro- 
cedures for determining composition of 
materials important in reactor development. 
Typical positions: inorganic and physical 
chemist and radiochemist, with experience 
in chemical research; radiation chemist with 7 por 
experience in radiation and physical-organic Scientists, left, check a shielding plug in one of the experimental ports of 
the world’s first private nuclear reactor for research, constructed at the 
Armour Research Foundation of the Illinois Institute of Technology in 
Chicago. The reactor was designed and built by Atomics International, a 
division of North American Aviation, Ine. Scientist at right inspects the 


chemistry; analytical chemist. 


Reactor Development 


Reactor Kinetics plans, conducts, and in- 
terprets experiments for information on 
the transient behavior of nuclear reactors. 
Typical positions: experimental physicist, theoretical 
physicist. 

Sodium Graphite Reactors. Responsible for develop- 
ment of the Sodium Graphite Reactor concept to nu- 
clear power. The primary tool for this development at 
Atomics International is the Sodium Reactor Experi- 
ment. Typical positions: analytical engineer, electrical 
engineer or applied physicist with experience in sys- 
tems analysis, mechanical engineer with experience in 
nuclear energy development, experimental physicist. 


Organic Reactors. Works on development and oper- 
ation of the Organic Moderated Reactor Experiment 
approach to the production of power from nuclear 
energy. Typical positions: mechanical engineer, elec- 
trical engineer, applied physicist, chemical engineer, 
chemist. 

Component Development 


Fuel Elements. Successful operation of the many re- 
actor designs is dependent on reliable reactor fuel ele- 
ments. The vast complex of mechanical components which 
go into a reactor must be proven feasible and developed 
to the point of utmost reliability and performance. 
Primary objective of this group is to conduct develop- 
ment work on fuel elements for nuclear reactors. Typi- 
‘al positions: research or development engineer with 
at least three years experience in physical metallurgy, 
research development engineer with experience in met- 
allurgical or mechanical engineering, research or de- 
velopment engineer graduate in ceramics, metallurgy, 
or mechanical engineering. 

Instrumentation and Control studies and develops new 
principles of reactor power system control loops, reactor 
safety and control components; processes instrumenta- 
tion for reactor systems and specialized applications of 
radioisotope and radiation instrumentation. Typical 
positions: senior research engineer, research engineer. 


mechanism whieh closes and opens the 40,000 pound door of the reactor. 


Mechanical Components. Responsible for  experi- 
mental and development work on mechanical reactor 
components and systems. Develops moderator elements, 
remote handling equipment, pumps, valves, piping, 
steam generators, traps, and other heat transfer com- 
ponents. Typical positions: senior research engineer 
with minimum of five years experience or advanced 
degree, research engineer. 


Chemical Process Development 


Separations Chemistry develops basic information on 
new methods of processing irradiated reactor fuels. 
Typical positions: chemical or metallurgical engineer, 
inorganic and physical chemist, analytical chemist. 

The Chemical Process Development group also car- 
ries out extensive research and development of various 
long-range projects. Primary area of work is with re- 
actor fuels. 

Engineering 


General Engineering develops performance require- 
ments and design criteria for the engineering of nuclear 
reactor systems and components. This involves analysis 
of advanced designs of heat transfer, thermal stresses, 
fluid flow, control systems, and reactor operations for 
many different types of reactors. Typical positions: 
nuclear engineer with background in physics engineer- 
ing or mathematics and nuclear reactor training, en- 
gineer, control engineer. 

Project Engineering. Responsible for all engineering 
operation and support work at a specified nuclear proj- 
ect. These may include power reactors, research reactors, 
or installation, design, and operation of any type nu- 
clear reactor. Background experience in general en- 
gineering with several years of speciality in a certain 
field of nuclear engineering, plus supervisory qualities 


are essential. 


ONE HUNDRED AND TWENTY-FIVE 


4 
4 
is 
ae 
| | 
> 


Engineering Design. Concerned with mechanical, elec- 
trical, structural, and process design of nuclear reactors 
and reactor facilities, Typical positions: mechanical 
or chemical engineer, electrical or electronics engineer, 
mechanical and civil engineer. 

Field Engineering coordinates and supervises con- 
struction of reactor facilities and components at the con- 
struction sites, both in this country and overseas. 
Typical positions: field engineer with experience in 
field construction of reactors, power plants, process 
plants, or other heavy industrial plants. 

Project Management. Responsible for the over-all 
management and coordination of engineering, construc- 
tion, and operation of a reactor plant or experimental 
facility. Typical positions: project manager with man- 
agerial and technical background, project engineer, 
project scheduler. 


Technical Services 


Standards Laboratory maintains primary physical 
standards for the company and repairs and calibrates 
all instruments. Also carries out applied research pro- 
gram on instruments and techniques relating to elec- 
trical measurements, magnetic measurements, nuclear 
measurements, and ultra high temperatures, high vacu- 
um, and electronics. Typical positions: physicist, elec- 


Aromie Fuer in the form of uranium “slugs” contained in 
stainless steel jackets is lowered into the core of the Sodium 
Reactor Experiment by scientists at Atomics International dur- 
ing an experimental fuel loading. The experimental nuclear 
power reactor is being operated by Atomics International, a 
division of North American Aviation, Ine. as part of the 
Atomic Energy Commission's program to develop economical 
power from nuclear energy. 
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tronics engineer, laboratory technician with technical 
background. 

Health Physics. Responsible for radiological safety, 
radiation engineering, and radiation instrumentation. 
Establishes safety rules, maximum permissible levels 
of exposure, regulations, and procedures. Typical posi- 
tions: radiation engineer, radiation instrument en- 
gineer, and radiation operations engineer. 

The factor of manpower is an increasingly serious 
problem in the development of the nuclear field. Less 
than ten years ago approximately fifty technical people 
were at work in the United States on atomic power. 
Today this figure has increased to approximately 7,000, 
which is still a relatively small number of technical 
people working in a field which has so much promise. 


The most serious aspect of the manpower question, 
however, lies in the future. To continue the work and 
to make the most out of nuclear developments as they 
are born requires many more trained personnel than 
are presently being supplied by schools, industries, 
and other training agencies. It has been estimated that 
in twenty years we will need at least 23,000 engineers 
and scientists working in the atomic power field, or 
over three times the present number. This figure would 
not include those persons working on nuclear programs 
for military projects. 

Fewer than 500 people are being trained for the 
nuclear field per year at present. Our schools and col- 
leges are rapidly adding courses in the nuclear sciences; 
the Atomic Energy Commission and other government 
agencies are busy with various training programs, 
and private industry is making distinct contributions 
by way of on-the-job training and special courses. But 
all concerned will have to greatly increase activity in 
this regard. 


Secondary School Preparation 


As new methods of utilizing atomic energy are 
studied and perfected, many new technical positions will 
be developed. A background in engineering, physics, or 
chemistry continues to be an important educational re- 
quirement at any atomic facility. 

At the secondary level, a solid, working knowledge 
of all mathematics subjects is recommended. Included 
are the two years of algebra usually offered by most 
college preparatory schools, geometry, trigonometry, 
and solid geometry. Although not required in many 
educational systems, chemistry and physics are “must” 
courses for a student who desires to prepare for col- 
legiate studies leading to eventual entry into the nu- 
clear field. 

Languages, such as French, German, and Latin, are 
being taught to ever-increasing numbers of high school 
students. Knowledge of a foreign language is becoming 
increasingly a part of atomic energy work because of 
its far reaching aspects all over the world. 

Harnessing of the atom for peaceful uses still is in 
the embryonic stage. But, with the help of qualified 
scientists and engineers, properly prepared for exciting 
careers in the nuclear field, the influence of the atom 
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will be far reaching in the years to come. Those who 
participate in the development of atomic energy will 
be pioneers in the technological history of man. Their 
rewards will be many and their contributions to man- 
kind will be evidenced throughout the world. @ 


* * * * * 


Elementary School Science 
(Continued from Page 109) 


Thirdly, physical fitness—good health—is a necessity 
for all pupils. Good wholesome food which is thor- 
oughly chewed and digested will aid the body and save 
much time and money. Exercise and body development 
will be as essential as any vitamin tablet or antibiotic. 
Proper ventilation, use of cosmetics, and ordinary 
cleanliness are also essential lessons that must be 
learned. 


Fourthly, a science course will help to satisfy a 
pupil’s need for understanding the scientific relations 
between man and his environment. Such simple things 
as knowing that in beating a cake batter, one folds air 
between the mixture by movements in the same direc- 
tion; mixing the air incorrectly results in a flat cake. 
A pressure cooker gives good results because evapora- 
tion and condensation are going on continuously and 
nothing of good in the food is being lost. No house- 
wife or man of the house would tolerate waste pipes 
without elbows because of the unwelcome odors; they 
know that gases are soluble in cold water. You can pick 
up a Canadian five-cent piece with a strong magnet, 
for the coin contains a good deal of nickel. The magnet 
will not attract a United States five-cent piece; it 
contains too much copper. Never hold a magnet close 
to your watch. You might magnetize its hairspring. 
Then the watch would not keep good time. 


A pupil has a need to know how to spend his leisure 
time. In a science course, much time is devoted to 
projects since learning is promoted by doing. If a 
pupil can see something in operation, he can better 
understand it. In this age of space, better forecasts 
and possible weather control is fast becoming one of 
the most challenging scientific problems of our time. 
Therefore, a pupil will recognize a problem—proceed 
to investigate the theory—pursue some plan of action 
to arrive at some sort of answer. These projects and 
experiments are not looked upon as mere assignments, 
but as opportunities for creative work in the field in 
which the pupil’s interest lies. They give occasion for 
combining the beautiful in literature, art, and nature, 
with the practical in science. 

Finally, and very importantly, a pupil needs to 
think rationally; to express his thoughts clearly, and 
to read intelligently. Following directions when read- 
ing plans to put some idea into concrete form trains 
him in all of these. In his creative work, he must first 
distinguish between the practical and the impractical: 
Can he possibly gather the materials for such a project? 
Suppose he works on the problem of light—pinhole 


camera. He goes about getting a box, aluminum foil, 
tissue paper, candle, ruler, pin or needle, and match 
these are the materials. Next he prepares the box by 
cutting a one-inch square in the center of one of the 
sides and over the one-inch hole, he inserts the alumi- 
num foil which has been pricked by a pin or a needle 
(just once). At the opposite side of the box, a piece of 
tissue paper is fastened so as to form a screen for 
the image. Then a candle is lighted and the box is 
adjusted so as to see the inverted image on the screen. 
As you go farther away from the light source the 
image gets smaller but it is inverted, as you draw 
closer to the light source the image gets larger. This 
has a practical application in taking pictures—detail 
take close pictures for scenery and over-all—distant 
picture. 

So—some basic needs of a pupil are satisfied in a 
science course and I believe the teachers should have 
a sound knowledge of the subject—renew and extend 
it continually (know your stuff). Secondly, observe, 
experiment, think, read widely, grow with your pupils 
and with the changing times. Keep the spark of origi- 
nality alive: cherish the spark of curiosity as you 
find it in pupils. 


Thirdly, give of yourself: teaching is a highly per- 
sonal job. Awaken in the pupils a desire to learn: 
you can help them develop their own powers through 
the scientific method—better work and study habits 
and more THINKING (be inspired and be inspiring). 
If science is to be learned effectively it must be ex- 
perienced. It must be learned and not learned about. 
Science is so close to the life of every boy and girl 
that there is no need to confine its study to the reading 
of textbooks or the listening to lectures. Wherever you 
may go in the world, science is an intimate part of 
the environment—living things, the earth, the sky, 
air and water, heat and light and forces such as 
gravity. As Jesse Stuart says, the teacher has the 
greatest profession, for through her hands pass all 
members of every profession. @ 
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New Books 


Basie Concepts in Chemistry 


GeoRGE W. Watt. New York. McGraw- 
Hill Book Co. 1958. Pp. 1x + 538. $6.50. 


The remarkable progress of chemistry has caused 
the content of introductory chemistry textbooks to in- 
crease to such a degree that it is now impossible for 
a teacher to cover the full text in a single year. The 
author of “Basic Concepts in Chemistry” recognizes 
this difficulty and has chosen to cover the basic con- 
cepts of chemistry, limit the descriptive material, and 
practically omit historical narrative. The result is a 
very efficient textbook. The omission of descriptive 
chemistry and historical details is a definite loss, but 
in view of the present status of chemistry, it is a 
necessary sacrifice. These omissions must be covered 
by a later course or they could be handled by a better 
integration of high school and college chemistry. 


There are twenty-seven chapters in the book, twenty 
of which are completely or mainly theoretical. The re- 
maining chapters cover oxygen and hydrogen, the 
nontransitional elements by periodic groups, and one 
chapter covers the transitional elements. The descrip- 
tive matter is presented with emphasis on atomic struc- 
ture and the periodic law. 


The printing, binding, and illustrations are excellent. 
The author’s presentation of the subject matter is 
modern and attractive. 

J. 


Photo by Vic Kelley 
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Juvenile Delinquency 


2y Joseru S. Roucek (Editor), Philosophi- 
cal Library, Inc., New York, 1958. $10.00. 


This volume represents a survey of selected aspects 
of delinquency, organized by 14 specialists in the field. 
One interested in juvenile delinquency might establish 
the hypothesis that interest in delinquents had its origi- 
nal focus on apprehension and punishment. Later the 
search turned to the seeking of causes of delinquency as 
a form of deviant behavior. Various schools arose as 
splinter groups, subcategories of either the heredity 
or environmental orientation. The “cure or rehabilita- 
tion” period followed, and was not particularly suc- 
cessful, historically. The newer emphasis is on pre- 
venting delinquency. Almost all of the experts now 
agree that delinquency is multicausational in origin. 


This survey explores the contents of these selected 
topics, organized around biological, psychiatric, socio- 
cultural influences. It then considers the extent and 
nature of urban, rural, and international aspects of 
delinquency. 

A critically fair appraisal of this book would have 
to compliment the editor on the materials presented. 
At the same time, the sociologist would not be com- 
pletely satisfied with the organization of the materials, 
nor with certain areas that are completely overlooked 
or underemphasized in this volume. 


Francis R. Duffy, C.S.Sp., Ph.D. 
Chairman, Sociology Department 
Duquesne University 


Science and Edueation 
at the Crossroads 


JosepH W. STILL. Washington, D. C. 
Public Affairs Press. 1958. Pp. x + 140. 
$3.75. 


During the past year, articles and studies criticizing 
American science and education have been published 
in great volume. Few have been of any real service, 
as no serious thought nor planning went into their 
preparation. This is not true of “Science and Education 
at the Crossroads.” 


The author, a working scientist, discusses our present 
and future needs, the weaknesses of our present modus 
operandi, the motivation of scientists, and many other 
aspects of our whole attitude toward science and educa- 
ton. While there are many of his views with which 
we disagree, we feel that the author in choosing to 
have his study an evaluation of the present system 
has made a werth-while contribution to science and 
education. 


J. P.M. 


Elements of Geology 


© By JAMES H. ZUMBERGE. New York. John 
Wiley and Sons, Inc. 1958. Pp. x1 + 382. 
$5.50. 


This is an excellent textbook for a one-semester course 
in geology. It is divided into seventeen chapters, the 
first eleven deal with the geologic processes and chap- 
ters twelve through seventeen with the historical 
aspects of geology. Its content is well organized and 
the reader is always able to follow the author’s argu- 
ment. 


The first eleven chapters describe the earth as it 
is at present and the geologic forces such as earth- 
quakes, weathering, wind, water and ice which are 
now operating on it. The later chapters consider the 
time element involved, the dating of geologic events, 
and the age of the earth. In his discussion, the author 
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stresses the relationship of cause to effect. Facts are 
presented and described and the theories advanced to 
explain their existence are presented and evaluated. 


The printing and binding are excellent. Well-drawn 
figures and photographs add to the beauty and in- 
telligibility of the text. 

J. P.M. 


The Gang 


® By HERBERT BLOCH and ARTHUR NIEDER- 
HOFFER. Philosophical Library, Inc., New 
York, 1958. $6.00. 


This new book attempts to analyze gang life in the 
light of what is now known about the areas of person- 
ality, group life, social life and culture. One criticism 
of previous works in this area is that they are too 
localized and provincial, and that the findings derived 
are of limited value and applicability. In this book, 
comparative descriptions and analyses give the reader 
insights into juvenile gangs throughout the world. 

A second feature of THE GANG is that its findings 
challenge the concept of cultural relativism. The 
authors indicate that juvenile gangs are remarkably 
similar in structure and function wherever found. They 
suggest some provocative “near universals,’”’ which can 
be further tested by empirical methods. 


Tre 
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PACKAGED CONVENIENTLY 


COORS New PACKAGING PROGRAM 


brings you the world’s finest Laboratory Porcelain as 


you want it. 


Modern packages designed to protect the ware 
assures delivery in clean, unbroken condition ready 


for immediate use. 


For further protection in transit Coors Porcelain is 
packaged in serviceable containers without the use of 
messy excelsior, clean and ready for use on receipt. 


Handy packages make stock keeping easier. 


Important savings are yours when you buy Coors 


Porcelain in convenient package quantities. 


Coors PORCELAIN COMPANY 
GOLDEN, COLORADO 


Goon Reason - 


is the best buy 


The approach used is interdisciplinary, involving 
sociology, anthropology, and psychology, rather strongly 
flavored with a psychoanalytic bias. Organized delin- 
quency is seen as a deviant manifestation of gang 
activities, which, in turn are integral patterns of the 
adolescent subculture. The adolescent is pictured as 
a boy who wants to be a man. He can not accept 
adult values, such as responsibility, respect for human 
identity and dignity, self acceptance. The gang boy 
anticipates adulthood in his behavior, and a caricature i 
emerges. He fights, refuses to inform, condemns people Arey 
and honest labor. He fears authority figures and 
rebels against them. He wants to get a car, to get a 
reputation and to get money. He takes the normal 
standards of society and inverts them because of his 
experiences in the areas of repression, frustration, 
feelings of uselessness and namelessness. 


The style of writing in the first ten chapters gives +. 
the reader the impression that it is too content-packed hi 
and pedantic. The sentences are long, complicated and 
involved. Easy reading is hampered by modifying ie 
clauses, elaborating phrases, qualifying inclusions, and a 


authority citations. Content-wise and orientation-wise, 

the book is well worth the attention of those who are 
professionally interested in youth. 

Francis R. Duffy, C.S.Sp., Ph.D. 

Chairman, Sociology Department 

Duquesne University 

(Continued on Page 138) Es 
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Television Will Join 
Telescopes In New 
Stratoscope Balloon Flights 

Television will join a telescope in balloon flights 
80,000 feet above the earth, as part of a project sup- 
ported jointly by the National Science Foundation and 
the Office of Naval Research. 


A 36-inch telescope, STRATOSCOPE II, will be con- 
structed for use in conjunction with further flights of 
the 12-inch STRATOSCOPE I telescope. But systems 
will be equipped with a television link, with control 
of the telescope from the ground, for remote-control 
pointing of the telescopes at celestial objects. The 
project will be directed by Dr. Martin Schwarzschild 
of Princeton University’s Department of Astronomy, 
who also directed the STRATOSCOPE I flights in 1957. 

The 1957 flights, made under the sponsorship of the 
Office of Naval Research, resulted in the first success- 
ful attempts at high altitude astronomy. The special 
12-inch sun telescope camera made two unmanned 
balloon flights and took photographs of the sun’s 
surface which were unprecedented in clarity and detail. 
The new program is in essence a continuation of the 
earlier ONR-backed effort. 

The National Science Foundation has made a pre- 
liminary grant of $285,000 for the early stages of this 


project. 
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Purpose of sending telescopes up in balloons is to 
get the instruments above the earth’s atmosphere, 
which obscures clear visability of heavenly bodies. 
Telescopes, no matter how large, which are at ground 
level can virtually never give better definition of 
objects at night than that given by a 12-inch instru- 
ment, because of this atmospheric obstruction. 


The first flights to be made in the new program will 
probably occur during the summer of 1959 with 
STRATOSCOPE I. The much larger STRATOSCOPE 
II is now the subject of a design study by the Perkin- 
Elmer Corporation, Norwalk, Conn., which designed 
and built STRATOSCOPE I. Design work will prob- 
ably require the remainder of 1958 and 1959, with 
construction to take place in 1960. After tests, 
STRATOSCOPE II’s first flight is scheduled to take 
place in the summer of 1961. 


Dr. Schwarzschild’s work has been acclaimed by 
astronomers as among the most significant scientific 
advances in the last decade. STRATOSCOPE I’s photo- 
graphs of the sun showed clearly for the first time the 
detailed polygonal structure of the convective currents 
which bring much of the internal solar energy to the 
surface of the sun. Dr. Schwarzschild and his co- 
workers were awarded the Newcomb Cleveland Prize 
of the American Association for the Advancement of 
Science in December 1957 for their outstanding con- 
tributions made as a result of STRATOSCOPE I. @ 


Representative Fishes of North America 


These lantern slides are full-color transparencies of photographs of the fish exhibits of the 
Chicago Natural History Museum. The selections were made by Mr. Loren Woods. Curator of 
Fishes: the photography is by the staff photographers of the Museum. 


Included in this series of 2 x 2-inch lantern slides are the more important families and 
species of both marine and fresh-water fishes of North America. The slides are offered as two 
sets of 35 slides each, and separate slides may be purchased individually. 

Teachers are invited to order either or both of these outstanding sets for examination and 


on approval. Lists of the slides in each set are shown on pages 603 and 604 of Turtox Biology 
Catalog No. 60. Or write to us and both lists will be mailed to you. 


Set 44MT1 Freshwater Fishes of Set 44MT2 Marine Fishes of North 


Vorth America. Set of 35 full-color America. Set of 35 full-color 2 x 2- 
2 x 2-inch lantern slides $31.30 inch lantern slides $3.1.30 


GENERAL BIOLOGICAL SUPPLY HOUSE 


(INCORPORATED) 
8200 SOUTH HOYNE AVENUE 
CHICAGO 20, ILLINOIS 


THE SIGN OF THE TURTOX PLEDGES ABSOLUTE SATISFACTION 


ONE HUNDRED AND THIRTY 


| 


AO Reports on Teaching with the Microscope 


Sanguinary explorations among the monocytes and neutrophiles...or narcism in the classroom. 


Someone of sublime wisdom (Schopenhauer, 
we think) once said that, ‘things in general 
become absorbingly interesting when related 
specifically to ourselves”. With this in mind 
we herein offer a teaching experiment on the 
observation of red and white blood cells 
which provides an elementary excursion into 
the mysteries of the human blood stream. 
The basic technique given here for obtaining 
blood and making stained smears is used by 
trained clinical laboratory technicians and 
physicians seeking vital diagnostic informa- 
tion. Used in your 
classroom, it can bring 
real drama as your stu- 
dents study their own 
blood. 

You'll need good mi- 
croscopes for this ex- 
periment... scopes 
with the qualities of a 
professional clinical 
laboratory instrument. 
Our 66 series micro- 
scope, with excellent 
image quality, precise 
fine adjustment and 
ruggedness, is ideal. 

If your lab is equipped with these micro 
scopes (as countess school labs are) you're 
all set. If not, and if you want information 
about them, just write to Dept. L237, 
American Optical Company, Instrument 
Division, Buffalo 15, New York and ask 
for Brochure 


EXPERIMENT 
Observation of Red and White Blood Cells 


MATERIALS AND PREPARATIONS 


Blood lancet or sharp needle; 2” x2” gauze 
squares ; 70% alcohol; microscope slides and 
cover glasses; vaseline; Wright's Stain (in- 
expensively obtainable as a ready-to-use solu- 
tion from any laboratory supply house); 
distilled water; normal saline; medicine 
dropper; AO Spencer No. 66 compound 
microscope equipped with 10X, 43X ob- 
jectives and 10X eyepiece (oil immersion 
97X objective would be ideal). 

Set up microscope; clean several slides with 
acetone and polish dry with clean cloth; rim 
a cover glass with vaseline; sterilize lancet or 
needle over flame and place in 70% alcohol. 


PROCEDURE 


1. Scrub middle finger of willing student 
“patient” with gauze soaked in 70% alcohol. 
Wipe dry. Grasp finger between thumb and 
index finger and squeeze down toward tip; 
a slight prick with a needle or lancet will 
yield abundant blood which should form in 
firm drops if finger is absolutely dry. (Fig. A) 


2. Place drop of blood on end of one slide 
and touch end of second slide to it (see Fig. B) 
at an acute angle ... push second slide over 
first to make thin blood smear. Make several 
slides and allow to dry. 


a. Observation of whole red blood cells: While 
smears are drying, place another drop of 
blood on clean slide ...add drop of normal 
saline and place vaseline rimmed cover glass 
over mixture. Press until thin film forms and 
vaseline makes air-tight seal. Observe under 
10X and then 43X ... whole red blood cells 
can be seen suspended in the plasma-saline 
solution. (Fig. C) 


Red blood cells 


b. Differential staining of white blood cells: 
Place dry smear on rubber stopper (stain in 
sink or disposable catch pan, i.e. made of 
aluminum foil). With dropper, cover slide 
with 30 drops of Wright's stain, allow to fix 
for 1 minute ...add 30 drops of distilled 
water. Blow gently on mixture until metallic 
film forms. Let stand 4-5 minutes, then flood 
stain off with tap water. Blot dry and observe 
under microscope. Locate thin edge of smear 
with 10X and then switch to 43X (oil im- 


mersion, 97X is preferable). Red blood cells 
will appear a faded pink or orange color. The 
different kinds of white blood cells will be 
stained in varying shades of purplish-blue 
and eosin, a yellowish-orange color; pebbly 
clumps of platelets (necessary factor in blood- 
clotting) will be stained a pale blue. (Fig. D) 
Under oil immersion, and even under 43X, 
the various white blood cells can be easily 
differentiated as polymorphonuclears, seg- 
mented neutrophiles, monocytes, etc., by 
differences in nucleii, cell sizes and staining 
characteristics. (See Kracke and Garver: Du- 
eases of the Blood and Atlas of Hematology for 
color plates of actual white blood cells differ- 
entially stained). 


White blood cells from stained smear 


ec. Importance of differential white blood counts: 
During the course of a disease, the total white 
blood cell count increases or decreases. How- 
ever, the doctor must also know the fype of 
cell involved. For example, a high white 
blood cell count with a preponderance of 
lymphocytes indicates the possibility of 
mumps, whooping cough, German measles 
or leukemia. A large number of neutrophilic 
cells indicates possible rheumatic fever, 
localized acute infection, or scarlet fever. 


OBJECTIVES: This elementary hematolo- 
gical experiment achieves these science ob- 
jectives: a fund of knowledge about the hu- 
man body and the physiology of blood; skill 
in the use of the compound microscope and 
an appreciation of its application to medicine; 
clinical laboratory techniques and their diag- 
nostic importance. 


SCIENCE TEACHERS! $25 For Your Experiment 


Here’s a chance to share your ideas with other 
teachers. We will pay $25.00 for each experiment 
involving either laboratory or stereoscopic micro- 
scopes accepted by us for future ads like this one. 
We're looking for unusual experiments suitable 
for the high school and junior college level. Don’t 
worry about the form, or illustrations, just give 
us all the pertinent information. In the event of 
similar experiments the one bearing the earli- 
est post-mark will be used. See your name in 
print... write in now! 


American Optical Company 


Instrument Division ¢ Buffalo 15, New York 
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UNITRON STUDENT MICROSCOPE, MUS 


Despite its low cost, UNITRON Model MUS offers 
features lacking even in much more costly models 
usually offered for student use. For example, both 
fine and coarse focusing are provided — not 
merely a single focusing control; an iris diaphragm 
to regulate aperture for highest resolution — not 
merely a disk diaphragm; and a condenser system 
for optimum illumination. 

The optical performance of Model MUS at each 
of its magnifications is equivalent to that of expen- 
sive research models. All mechanical parts are 
machined to close tolerances and the stand is 
beautifully finished in black and chrome. Model 
MUS comes complete with triple revolving nose- 
piece and three objectives: 5X, 10X, 40X; choice 
of two eyepieces from: 5X, 10X, 15X; coarse 
focusing (accessory safety stop available); con- 
denser with iris diaphragm; inclinable stand; plano- 
concave mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


25 or more... $66.66 only ‘74 


In quantities of 


The UNITRON Student Auto-illumination Micro- 
scope, Model MSA, employs a newly designed 
stand in which all components and controls are 
within easy reach. The inclined eyepiece tube 
allows comfortable posture and may be turned in 
any optional observing direction to permit two 
students sitting side by side to share a single 
instrument. With the built-in illuminating system of 
the superior low-voltage type, each student is 
assured of the correct lighting. The transformer is 
conveniently housed in the microscope base itself 
where it contributes to the stability of the stand 
rather than to the clutter of the laboratory table. 

Model MSA comes complete with triple revolving 
nosepiece and three objectives: 4X, 10X, 40X; 
three eyepieces: 5X, 10X, 15X; coarse focusing 
with safety stop; fine focusing; condenser and iris 
diaphragm; filter holder and filter; accessory sub- 
stage mirror; wooden cabinet and dustcover. 
Mechanical stage available at extra cost. 


In antities of 
25 $94.16 only 07 


T7 student microscopes offer 
: UNITRON STUDENT AUTO-ILLUMINATION MICROSCOPE, MSA 
@ 


Heavy base, micrometric 
rack and pinion focusing, arm 
rests, mirror and background 
plate, large glass stage 
plate, Steinheil magnifiers. 


ADS: for 10X, 20X 


$3250 


ADSA: for 5X, 10X, 20X 


$3650 


Uses the same large, 
heavy stand as our re- 
search models. Three ob- 
jectives: 4X, 10X, 40X; three 
eyepieces: 5X, 10X, 15X. 
Coarse and fine focusing. 
Condenser and iris dia- 
phragm. Filter holder and 
filter. Mechanical stage 
available. 


MLEB.......... 


THIS COMPLETE CATALOG ON UNITRON 
MICROSCOPES IS YOURS FOR THE ASKING! 


Gives complete information on the UNITRON Models 
described above as well as on many others for all types 
of microscopy. You will find this informative publication 
a valuable addition to your files. 


A wide field, binocular, 
3-D dissecting model. 
Diopter and interpupillary 
adjustments. Removable 
glass stage plate. One set 
of eyepieces for 10X, 20X 
or 30X included; others 
available at extra cost. 


(f.0.b. Boston) 


Model MSL 


QUANTITY DISCOUNTS 
AVAILABLE ON ALL MODELS 


Prices include wooden cabinet, plastic dustcover, and 
free delivery to your school unless otherwise noted. 


UNITRON PHASE MPEA 


The first student phase 
model ever to be offered. 
Observe protozoa, plankton, 
etc. in the living state without 
chemical staining. Objec- 
tives: 4X, P1OX, P40X. Eye- 
pieces: 8X, 15X. Con- 
denser and phase dia- 
phragm. Write for a reprint 
of Professor Corrington's 
article on this remarkable 
instrument. 


(f.0.b. Boston) 


UNITRON PHOTOMICROGRAPHY SET 


Duplicates the perform- 
ance of costly apparatus. 
Fits any standord micro- 
scope. Mounting brackets 
adjust for your camera. 
Viewing telescope allows 
focusing and selection of 
field while the camera is 
in position. 


Model 


ACCEPT A FREE 10 DAY TRIAL 


We invite you to try any UNITRON Microscope in your 
own classroom for 10 days at absolutely no cost or 
obligation. Let our instruments prove their value and 
quality to you, before you decide to purchase. You will 
see for yourself why UNITRON is the choice of America's 
leading universities, schools, and industrial laboratories. 


Nome and Title 
School or College 
Address 


UNITRON 


INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC CO. 


204-206 Milk Street * Boston 9, Mass. 


Please send me your complete catalog 
on UNITRON Microscopes 17-L. 
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Improved READABILITY 
and REPEATABILITY 
cENCO” 


TRIPLE BEAM 
BALANCE 


Dependable for 

fast accurate 
weighing, completely 
repeatable. Three 
rigid stainless steel and 
aluminum beams are step- 
mounted for easy reading. 
Agates and knife edges 
protected by beam arrest. Zero 
adjustment easy. Capacity 
0.01 gm to 111 gm without 
loose weights. SR 20 mg. 
No. 2650, low-priced 
$35.00 


No. 2655, 1011 gm, 
SR 30 mg... .$50.00 


CENTRAL SCIENTIFIC CO. 


1718-N IRVING PARK RD. *CHICAGO 13, ILL 
vranches ona Warenouses — WVountainside, NJ 
Boston @ Birmingham e Santa Clara e@ Los Angeles @ Tulsa 
Houston @ Toronto e@ Montreal e Vancouver e@ Ottawa 


WE SPECIALIZE 


IN DEPENDABLE AND INEXPENSIVE SETS OF 
LIVING CULTURES 


@ L52h High School Protozoan 
Set (5 cultures) 

@ 152k Debris and Plankton 
Collection 

@ High School Invertebrate 
Set (6 representatives) 

@ LGI115 Drosophila Set (2 
cultures) 

@ AG100 Genetics Set Kit 


@ LBIO Large set of Ten Algae 
(individually packed) 


@ LB27 Lichen Set (4 species) 


Brown Planaria as supplied in @ 1.B122 Insectivorous Plant Set 
the High School invertebrate set (5 specimens) 


WE GUARANTEE SAFE ARRIVAL OF ALL 
LIVING MATERIALS 


For more information on the many sets available and 
for immediate class orders write to 


CAROLINA BIOLOGICAL 
UP PLY COMPAN Y 
ELON COLLEGE, NORTH CAROLINA 


Free Catalogue Available to Teachers 
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Catalysts and Automobiles 


(Continued from Page 122) 


Automobiles equipped with safety glass depend on 
catalysts, because the interlayer sheet is generally 
polyvinylbutyral, which is made with the assistance 
of hydrochloric or sulfuric acid catalysts. 

Organic and sulfuric acids are also catalysts for the 
hydrolysis of cellulose acetate, which in combination 
with butyrate, goes into the production of steering 
wheels and so-called “plastic” knobs and panels. 


Paint 


Catalysis is important to the paint which adds so 
much to the appeal of an automobile. Peroxides formed 
with glycerides of unsaturated fatty acids catalyze 
polymerization of the paint, and metal salts (cobalt, 
manganese, and lead of organic acids catalyze its 
drying. 

Paints of the alkyd-resin type depend upon vanadium 
pentoxide catalyst for the oxidation of naphthalene to 
phthalic anhydride, which is a raw material for alkyd 
resins. 

Catalysts and the Future 


Predictions about a science which has been known 
for the size and rapidity of its changes are necessarily 
fragile. Often it appears that we have only begun to 
appreciate the versatility and applicability of catalysts. 
Their precise future in automobile manufacture and 
operation is as difficult to predict as it is in other 
domains of industry. Of this much, however, we can 
be sure—whatever directions it may take, catalysis will 
have a vital role in the industrial and economic activity 
of the world. By research, scientists will learn more 
about catalysts and invent new applications for them. 
The limits of catalysis are presently unknown. Men of 
science will strive to keep them that way. 
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“Society itself requires some other contribution from 
each individual besides the particular duties of his pro- 
fession. And if no liberal intercourse be established, it 
is the common failing of human nature to be engrossed 
with petty views and interests, to underrate the im- 
portance of all in which we are not concerned, and to 
carry our partial notions into cases where they are in- 
applicable, to act, in short, as so many unconnected 
units, displacing and repelling one another.” 

—HENRY CARDINAL NEWMAN 
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CASTALOY® 
APPLIANCES* 


CLAMP EASIER! 


Lightweight Castaloy 
Clamps, Holders and Sup- 
ports fasten quickly and eas- 
ily, are adaptable to a wide 
range of uses. 


HOLD TIGHTER! 


Scientific designing gives 
holding strength without 
jamming or sticking. No 
strain or crushing of deli- 
cate glassware. 


SUPPORT MORE! 


Castaloy appliances are en- 
gineered like a bridge to dis- 
tribute support evenly. 
Special alloy used has ten- 
sile strength of 47,000 psi. 


LEARN MORE ABOUT THESE 
42 VERSATILE APPLIANCES 


The Castaloy Bulletin tells all about 
Castaloy Clamps, Holders and Sup- 
ports. including the Flexaframe®. Write 
or it. 


112 FISHER BLDG. - PITTSBURGH 19, PA. 


*Full stocks in 7 plants below 


FISHER SCIENTIFIC 


America's Largest Manufacturer-Distributor of Laboratory Appliances & Reagent Chemicals 


IN THE U.S.A. Cleveland *St. Louis IN CANADA 
Boston Detroit *Washington E t 
Buffalo *New York arene 


Charleston, W.Va. *Philadelphia. IN MEXICO “Montreal 
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FREE BOOK 


to Science Teachers 


120 aces 


OF LABORATORY INSTRUMENTS AND SUPPLIES 


Lists many new items for general science, biology, 
chemistry and physics with up-to-date prices and 
eight pages of order blanks. Special sections de- 
scribe semi-micro chemistry equipment and modern 
easy-to-use projection apparatus. Write today (on 
school letterhead) for your copy. 


Cenco, the leading manufacturer of instruments for laboratories 


CENTRAL SCIENTIFIC CO. 
1718-N IRVING PARK Rob. CHICAGO 13, ILL 
® 


Branches and Warehouses — Mountainside, NJ. 
Boston © Birmingham e Santa Clara @ Los Angeles © Tulsa 
Houston @ Toronto @ Montreal e Vancouver @ Ottawa 


TRIARCH PRODUCTS 


Fine Microscope Slides for 
Discriminating Biologists 


More than 1,000,000 Triarch Slides 
have been sold to over 1,200 Colleges 
and Universities throughout the 
world. Ask them for an appraisal! 


For current Catalog No. 11, 


write to: 


GEO. H. CONANT 
RIPON, WISCONSIN 
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New Importance of Bromine 
(Continued from Page 118) 


lead, they could raise the octane rating of gasoline, 
prevent the formation of carbon, and improve the per- 
formance of internal combustion motors. This notable 
scientific achievement would have been of no avail had 
not a way been found to vaporize the lead and prevent 
its accumulation in the motor. Several compounds were 
tried—ethylene dibromide was outstanding. It is still 
in use. 

Another great breakthrough in the use of bromine 
occurred in the early 1930’s when it was discovered— 
in France, that methyl bromide is a valuable fumigant 
for foodstuffs. The fumigants then available were 
satisfactory in general but some of them had draw- 
backs such as flammability, high dosage requirement, 
or excessive hazard in use. Especially needed was a 
fumigant to treat shipments of foodstuffs, grain, and 
nursery stock in terminal warehouses, boxcars, and 
vaults in connection with federal and state quarantines. 
Methyl bromide proved to be the perfect solution to 
this problem. The dosage requirements were excep- 
tionally low, it was more convenient to apply than 
other fumigants, was effective against all insects, and 
it could be quickly and completely removed after com- 
pletion of a fumigation. Newer fumigant applications 
for methyl bromide have surpassed the original one. 
Tobacco seed beds and nursery plant beds can be fumi- 
gated to control not only insects but weeds and plant 
diseases. Ant control, termite control, and fumigation 
of large masses of bulk grain are among the other 
applications. 

Methy! bromide was only the first of several bromine- 
containing fumigants. Ethylene dibromide, already a 
large-scale chemical, has proved to be a valuable con- 
trol for soil nematodes. Nematodes are serious pests 
which often increase when large acreages of a single 
crop are concentrated in a specialized area. Some of 
the newer nematode killers, notably 1,2-dibromo-3- 
chloropropane (Nemagon), are especially promising. 
The fact that so many effective fumigants contain bro- 
mine is not accidental but stems from the toxological 
and chemical properties which bromine imparts to these 
compounds. 

Fire extinguishers and fire-retardant compositions 
constitute other groups of economically important bro- 
mine compounds. Methyl bromide is an exceptionally 
good fire extinguisher and was used by both the British 
and Germans in the Second World War. However, it 
proved to be too poisonous and chlorobromomethane was 
found to be much better. Today “C.B.” has both mili- 
tary and civilian applications. Bromofluoro-compounds 
have also been found to have excellent fire-extinguish- 
ing properties. 

Polymerized plastics, varnishes, and coatings are 
among the wonders of the present chemical age and 
have produced a bewildering array of new products. 
Most important is their value as materials of construc- 
tion. But the new plastics also have disadvantages and 
weaknesses and one of the worst is their flammability. 


e 
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Compounds of bromine, or bromine and phosphorous, 
can be added to solid or foamed plastics, or to their 
liquid monomers, to reduce or eliminate the fire hazard. 
An example of such a compound is tris(dibromopropy]l) 
phosphate. The force of public opinion is increasing 
the demand for the flameproofing of flammable plas- 
tics, thereby opening wider markets for bromine flame- 
proofers. 

Bromine has many other interesting and unique types 
of applications. Concentrated solutions of lithium bro- 
mide will control humidity at a specified predetermined 
level. Zinc bromide solutions are used in radiation 
shielding windows to protect workers in atomic energy 
plants and those doing research with radioactive chemi- 
cals. Acetylene tetrabromide and bromoform, each 
several times as heavy as water, are used as gauge 
liquids. 

With the momentum of an advancing chemical tech- 
nology, new uses and new products from bromine are 
a certainty. What assurance is there of this? The 
answer can be found by looking at the element—its 
reactivity, its replaceability in its compounds, its chemi- 
cal and physiological properties, and its very uniqueness. 

Bromine is no longer a mystery element. Bromine 
information and interest are becoming widely dissemi- 
nated. The new potential for bromine compounds and 
uses is vast and, as the new discoveries will come from 
college laboratories, medical research, research founda- 
tions, and from bromine users, as well as manufac- 
turers, is indeed a fertile and unlimited research field. © 


High School 
Weather Station 


Complete with instruments, record forms and study aids 


$170.00 


Maximum-Minimum Thermometer 

Rain and Snow Gage 

Sling Psychrometer 

Barometer, Aneroid 

Anemometer 

Wind Vane 

Wind Indicator 

Book: Techniques of Observing the Weather 
Set of Weather Bureau Pamphlets 
Recording Forms 


WRITE FOR COMPLETE CATALOG 


Science Associates 


Instruments/Weather + Astronomy/Teaching Aids 


194 Nassau Street P.O. Box 216 Princeton, N. J. 


considerably. 


have switched over 
charts and maps. 


NEW CHART AND MAP CABINET 
Compact — Dustproof — Low-Priced 


ADE of heavy-gauge steel with grey baked enamel finish, size 50” high x 
wide x 15’ deep, capacity 50 charts or maps plain-rolled or mounted with wood 


rollers, two heavy wire mesh grills allow ample space for each chart, tack numerals 
from +1 to 250 supplied so that charts (when numbered at one end of woed rollers) can 
be found readily by consulting index on the dustproof hinged cover of the 
cabinet. Provided with strong lock and key. Price complete $59.50 


(10°, discount in lots of 5 cabinets) 


Consider these extraordinary advantages: 


@A great space conserver. 
@ Charts, maps, etc. very accessible. 
@ Dustproof feature prolongs life of charts @ Low price is low insurance for preserv- 


A long sought-for item 
office where rolled charts or maps are stored. Many colleges, high schools, offices, ete. 
to 


NEW YORK SCIENTIFIC SUPPLY CO., INC. 


General Supplies for Biology and Chemistry 


28 West 30th Street 


Qo" 


@ Lock and key for control of charts in 
large departments. 


ing costly charts and maps. 
permanent equipment, essential for every department or 
space-saving, convenient, and efficient system of storing 


Est. 1919 


New York 1, N. Y. 
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Mobile Laboratory 


For science teacher demonstrations 

in different locations, any 

vantage point. Moves quickly. 

. Equipped with gas, electric 
a and water services, support 
}. rods and pegboard display 
panel. Roomy storage 
= area. In attractive 

ee colors, large 
Formica top. 
Write for 
full details. 


EACH 


$295.00 


Cenco, the leading manufacturer of instruments for laboratories 


CENTRAL SCIENTIFIC CO. 
1718-N IRVING PARK RD *CHICAGO 13, ILL 
® 


Branches and Warehouses — Mountainside, N. J. 
Boston © Birmingham e Santa Clara e Los Angeles e Tulsa 
Houston @ Toronto @ Montreal @ Vancouver @ Ottawa 


The Basic Student Unit 


F1300 
Containing the following: 


ASTERIAS 

LUMBRICUS 

CAMBARUS 

ROMALEA 

@ FRESH WATER MUSSEL 
PERCH 

FROG 


VARIATIONS MADE TO SUIT NEEDS OF TEACHER 


CATALOG SENT UPON REQUEST 


Che 
Alden GH. Gorbes Laboratories 
1710 RENTON AVENUE 
PITTSBURGH 29, PENNSYLVANIA 
Phone POplar 1-9194 
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NSF Undergraduate Support 
For Research Programs 


The National Science Foundation recently announced 
plans to make a limited number of grants to colleges, 
universities, and nonprofit research institutions to pro- 
vide, on an experimental basis, opportunities for prop- 
erly qualified undergraduates majoring in the physical, 
biological, mathematical, and engineering sciences to 
participate in research projects currently being con- 
ducted by experienced scientific investigators. This ex- 
perimental program may operate either during the 
academic year or during the summer; summer pro- 
grams in particular may extend the benefits to students 
from other colleges. 

Approximately 1000 undergraduates at some 100 in- 
stitutions throughout the country are expected to par- 
ticipate in these laboratory and field programs which 
will afford an opportunity to become acquainted with 
the nature and methods of research in progressively 
more independent roles. 

The Foundation will provide support for undergradu- 
ates, in accordance with prevailing campus practices, 
for a maximum of 400 hours per student. Expendable 
supplies and secretarial and administrative expenses 
directly attributable to this student training will also 
receive support. 

Directions for preparing proposals may be obtained 
from the Special Projects in Science Education Section, 
Scientific Personnel and Education Division, National 
Science Foundation, Washington 25, D. C. Proposals for 
programs beginning in the summer or fall of 1959 
should be comprehensive for all participating depart- 
ments within an institutional unit, and should be re- 
ceived by the Foundation not later than December 15, 
1958. @ 

* * * * * 


New Books 


(Continued from Page 129) 


The World of Science 


@ By JANE WERNER WaTSON. New York. 
A Deluxe Golden Book. Simon and Schus- 
ter. 1958. Pp. 216. $4.95. 


While this book is written for youngsters of age ten 
and up, it will fascinate any reader regardless of his 
age or training in science. It is undoubtedly the most 
accurately written and attractively illustrated juvenile 
book on science that we have seen. 


The young reader is given an accurate and up-to- 
date picture of the work of scientists in geology, 
astronomy, mathematics, physics, chemistry, biology, 
and engineering. The author is the wife of Dr. Ernest 
C. Watson, Dean of the Faculty, California Institute 
of Technology and has written or adapted many of 
the Golden Books series of books for young readers. 
In addition to the foreword written by her husband, 
the author has had the help of many outstanding 
scientists in preparing “The World of Science,” and 
her list of acknowledgments of help received from men 
of science is most impressive. 

J.P.M. 
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Air Foree Basie Research 
(Continued from Page 112) 


metals and produced clean surfaces of metal tips for . 
study without the application of heat. QSC { WS 
There is a crying need in our country for new and 


costly basic research facilities. What with the hue and 
cry about the lack of scientific brain power, we have : 

‘ T ASE F - 
tended to overlook the vital needs of the modern-day HE PHASE FILMS are mature single 


scientist to pursue his profession. Solar furnaces, re- purpose films presenting the most 


actors, accelerators, magnetic and plasma facilities significant micro-biological phenom- 
are a few of the expensive, but indispensable, scientific ena disclosed in living organisms by sc 
tools needed to see” into the unknown facets of mat- the Nobel winning Phase-Contrast 
ter. The Air Force, as well as the other Services and thod 
the Department of Defense, has recognized this and iat 
for the support of these Photography of living organisms 
acilities for basic research purposes. 
ans NOT ANIMATION. 


For the military to realize full value from the re- 
sults of basic scientific investigation, there must be WRITE for Titles, Descriptive Folders 
interaction between the military and scientific com- 
munity. From the military standpoint, we must know Me 
the trend of scientific findings so that we may ap- ite 
ply the implication of these trends to our everchang- Ae 
ing of the military situation. At the same time, the fy 
scientists should have knowledge of and guidance from A R T 4 U W T. 8 n | CE % : 
the military as to primary scientific areas of military ce) 
interest. It is for these reasons that the Air Force PHASE FILMS SONOMA, CALIFORNIA = 
Research Planning Objectives have been written and 
are being made available. @ 


or Previews. 


NOW —Ward’s Brings You a Fine Quality 10x 
Hand Lens At a Price Every Student Can Afford! 


Biology teachers know the value of a good hand lens, giving ‘¢ 
nature a new dimension otherwise little known, even by those ‘ 
acquainted with the microscope. At this low price—only $1.50 
postpaid—you need not hesitate to recommend the purchase of 


the lens to your students so that all may enjoy and benefit from ‘- 
it. This is not a toy or a second-quality lens, but a professional by 
grade, fine optical instrument. i, 


Used especially by entomologists, botanists, and geologists. 
NOTE THESE FINE FEATURES: 


1. Fine 10x lens—full ten-power mag- 3. Lens securely fixed in folding mount s 
nification, clear image right to the 4. Leather pocket case with snap ce 
edge of the wide field fastener Ee 

2. Polished steel casing 5. Lowest possible price 

-— - We have received warm praise from teachers who obtained this lens, hardly 
C 708 Ward's “Pocket Gem believing that a fine quality hand lens could be obtained at such a low price. ; 
10x Hand Lens Send in your order now for one of the most amazing values you're ever likely at 
Price each, postpaid, on'y $1.50 to see! Lens is shipped on approval — return it within 10 days for full credit a 
(Bookstore inquiries invited ) or refund if you're not entirely satisfied! ‘ 


WARD’S NATURAL SCIENCE ESTABLISHMENT, INC. x 


Dept. SC—P. O. Box 1712— Rochester 3, New York 
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INDEX to VOLUME XXII - 1958 


Articles are listed under 


the name of the author of the book. 


the author’s name. 


reviews under 
review. 


Book 
indicates a book 


(R) 


The name of the reviewer follows in parenthesis. 


AFTER-SCHOOL-HOURS TRAINING FOR HIGH SCHOOL 
TEACHERS 

ALLEN, AGNES, “The Story of Archaeology,” (R) 
(J. P. Moroney) 

ARGYLE, MICHAEL, “The Scientific Study of Social 
Behavior,” (R) (Francis Duffy) 

Arnott, D. G., “Our Adventure,” (R) 
(J. P. Moroney) 

ATKIN, and BURNETT, Electricity and Magnetism, 
(R) (Sister M. Aelred, O.F.S.) 

ATKINS, Myron and BuRNETT, R. WILL, “Air, 
Winds, and Weather,” (R) (Francis Kleyle) 
BEEZER, ARNOLD R., S.J., The Historical Depth of 

Chemistry 


Nuclear 


BLocu and NEIDERHOFFER, “The Gang,” (R) 
Duffy, C.S.Sp.) 

Bo_p, Haroup C., “Morphology of Plants,” 
(Helena Miller) 

BoRAX—SUPER FUEL 

Boypston, KATHRYN E., An Amateur Plants Fern 
Spores 

BRANDT, NEILL M., Optical Glass and Its Manufac- 
ture 


(F. R. 


(R) 


CAIDIN, MARTIN, “Countdown For Tomorrow,” (R) 


(J. P. Moroney) 
Microwave Propagation Well 
From Marconi to the 


CARROLL, THOMAS J., 
Jeyond the Horizon 
Present 

CHEMICALS TO FIGHT MALARIA 

DANZIGER, BENJAMIN H., Molybdenum—A Versa- 
tile Element 

DELINE, ALBERT, The New Importance of Bromine 

FLANNELL, C. F., The Small Computer and Decen- 
tralized Computing Facilities 

FOREIGN TECHNICAL INFORMATION CENTER 

Foster and WILLIAMS, Iron and Steel 

GOLDSTEIN, PHILip, “How to Do An Experiment,” 
(R) (J. P. Moroney) 

GRAHAM, Harvey, M.D., “Surgeons All,” (R) (J. P. 
Moroney) 

HANCE, Ropert T., Science Is As Science Does 

HAWLEY, RALPH A., Career Opportunities in the 
Challenging Field of Atomic Energy 

HoLZMAN, COLONEL B. G., Air Force Research In 
Materials 

THE INCORPORATED ASSOCIATION OF ASSISTANT MAS- 
TERS IN SECONDARY SCHOOLS, “The Teaching 
of Mathematics,” (R) (C. Sebesta) 

Kirscu, F. WILLIAM, Catalysts and Automobiles 

KoREN, Henry J., “The Spiritans,” (R) 

KREIGER, F. J., “Behind The Sputniks,” (R) (J. P. 
Moroney ) 

LEARZAF, FLORENCE E., Science in the Elementary 
School 

LEYSON, CAPTAIN Burr, “More Marvels of Indus- 
trial Science,” (R) (J. P. Moroney) 
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McCu.Luocn, JAMES A., An Ancient Metal—Lead 
MARTIAN ATMOSPHERE RESTUDIED 

MILLER, HELENA, Fossil Plants and Evolution 
Moore, SHIRLEY, Projects Build Young Scientists 
Moroney, JOSEPH P., C.S.Sp., Genesis I: 1-31 


MuLpDOooN, Mary, “Learning To Teach,” (R) (Lo- 


retta Byrne) 

NEw Books 34, 64, 100, 
OBOURN, HEISS and MONTGOMERY, “Science In 
Everyday Life,” (R) (Robert Gillespie) 

Owers, NOEL, The Harvest of Fragrance 


SANDALWOOD 

PASTEUR SHOWS IMPORTANCE OF BASIC RESEARCH 

POWELL, BERNARD W., Are These the World’s Old- 
est Lenses? 

Roucek, JosepH S., “Juvenile Delinquency,” 
(F. D. Duffy, C.S.Sp.) 

SCHNAPPER, M. P., Editor, “New Frontiers of 
Knowledge,” (R) (J. P. Moroney) 

SCHREIBER, KuRT C., Television Teaching of Or- 
ganic Chemistry 

SCHROEDER, W., “Practical Astronomy,” (R) (J. P. 
Moroney) 

SIMON and SCHUSTER, “Scientific American Books,” 
(R) (J. P. Moroney) 

SisteR M. AELRED, Elementary School Science 


SISTER M. STEPHANIE, R.S.M., Impact of Modern 
Mathematics on the Catholic High Schools 


STILL, JOSEPH W., “Science and Education at the 
Crossroads,” (R) (J. P. Moroney) 


R. TATON, “Reason and Chance in Scientific Dis- 
covery,” (R) (J. P. Moroney) 


UNDERSTANDING THE PHYSICAL WoRLD 
MEASUREMENT 


VAN LAER and KOREN, The Argument From <Au- 
thority 


Horst, SISTER HELENE, 
HELEN, “Seeing Sounds” 


VERRILL, Hyatt A., “The Strange Story of Our 
Earth,” (R) (J. P. Moroney) 


WATSON, JANE WERNER, “The World of Science,” 
(R) (J. P. Moroney) 


Watt, GEORGE W., “Basic Concepts of Chemistry,” 


(R) 


THROUGH 


VEN and Horst, 


(R) (J. P. Moroney, C. S. Sp.) 

WEAVER, H. E., Ion Exchange Resins in Science, 
Industry and the Home 

WHIPPLE, FRED L., “Earth, Moon and Planets,” 


(R) (J. P. Moroney) 


WISCHHUSEN, J. F., The Inorganic Bioelements in 
Animal and Human Nutrition 

ZEHNER, MRS. MARGUERITE, Science in the Kinder- 
garten 

ZUMBERGE, JAMES H., “Elements of Geology,” (R) 
(J. P. Moroney) 
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You Can Depend on the GENATRON 


@ THE MODERN ELECTROSTATIC GENERATOR 


THE CAMBOSCO GENATRON serves not only for classical experiments in static 
electricity, but also for new and dramatic demonstrations that are not performable by 
any other means. It exemplifies a modern method of building up the tremendously high 
voltages required for atomic fission, for nuclear research, and for radiation therapy. 


Entirely self-exciting, the GENATRON cracks into action at the snap of the switch 


—whose only function is that of starting the motor drive. No auxiliary charging method 
is employed. Hence, despite an output measured in hundreds of thousands of volts, no 


hazard is involved, for the operator or for the observers. 


An Oulput of 250,000 Volis —— or More ! 


THE CAMBOSCO GENATRON is designed to deliver, in normal operation, a 
That figure, a conservative rating, is based 
on many trials conducted under average conditions. With ideal conditions, a potential 


discharge of the order of 250,000 volts. 


difference of 400,000 volts has been achieved. 


Modern Design — Sturd y con- 


struction and 
ever-dependable performance distinguish 
the GENATRON from all electrostatic 
devices hitherto available for demonstra- 
tion work in Physics. This powerful, high- 
potential source, reflecting the benefits of 
extensive experience in electrostatic engi- 
neering, has absolutely nothing but pur- 
pose in common with the old fashioned 
static machine. 


NO FRAGILE PARTS—Durability was a 
prime consideration in the design of the 
GENATRON which, with the exception 
of insulating members, is constructed en- 
tirely of metal. 

The only part subject to deterioration 
is the charge-carrying belt, which is readily 
replaceable. 


NO TRANSFER BODIES —In all conven- 
tional influence machines, whether of 
Holtz or Wimshurst type, electrical charges 
are collected and conveyed (from rotating 
plates to electrodes) by a system of “trans- 
fer bodies.” Such bodies have always taken 
the form of metal brushes, rods, button 
disk or segments — each of which, inevit- 
ably, permits leakage of the very charge 
it is intended to carry, and thereby sharp- 
ly limits the maximum output voltage. 


It is a distinguishing difference of the 
GENATRON that electrical charges, con- 
veyed by a non-metallic material, are es- 
tablished directly upon the discharge ter- 
minal. The attainable voltage according- 
ly depends only upon the geometry of 
that terminal and the dielectric strength 
of the medium by which it is surrounded. 


Unique Features of the 
CamboscO Genatron 


DISCHARGE Charges accumulate on, and dis- 
TERMINAL charge takes place from, the 
outer surface of a polished metal “‘sphere’’—or, 
more accurately, an oblate spheroid. 

The upper hemisphere is flattened at the pole 
to afford a horizontal support for such static 
accessories as must be insulated from ground. 
A built-in jack, at the center of that hori- 
zontal area, accepts a standard banana plug. 
Connections may thus be made to accessories 
located at a distance from the GENATRON. 


CHARGE. To the terminal, charges are con- 

veyed by an end'ess band of pure, 
CARRYING live latex —a CamboscO develop- 
B E L T ment which has none of the short- 
comings inherent in a belt with an overlap joint. 


DISCHARGE High voltage demonstrations 
B A L UL often require a “spark gap” 
whose width can be varied without immobiliz- 
ing either of the operator’s hands. 

That problem is ingeniously solved in the 
GENATRON, by mounting the discharge ball 
on a flexible shaft, which maintains any shape 
into which it is bent. Thus the discharge ball 
may be positioned at any desired distance 
(over a sixteen-inch range) from the discharge 
terminal. 


BASE...AND Stability is assured by the mas- 
sive, cast metal base—where deep 

DRIVING sockets are provided for the flex- 
MECHANISM ible shaft which carries the dis- 
charge ball, and for the lucite cylinder which 
supports, and insulates, the discharge terminal. 
The flat, top surface of the base, (electrically 
speaking), represents the ground plane. Actual 
connection to ground is made through a con- 
veniently located Jack-in-Head Binding Post. 
The base of the Genatron encloses, and elec- 
trically shields, the entire driving mechanism. 


PRINCIPAL The overall height of the 
DIMENSIONS GENATRON is 31 in. Diam- 
eters of Discharge Ball and Terminal are. 
respectively, 3 in. and 10 in. The base 


mensures 5% x 7 x 14 in. 


CAMBOSCO SCIENTIFIC COMPANY 
3739 ANTWERP ST. e BRIGHTON STATION 
BOSTON, MASS... U.S.A. 


GENATRON, With Motor Drive 
Operates on 110-volt A.C. or 110-volt D.C. 
Includes: Discharge Terminal, Lucite In- 

sulating Cylinder, Latex Charge-Carrying 

Belt, Discharge Ball with Flexible Shaft, 

Accessory and Ground Jacks, Cast Metal 

Base with built-in Motor Drive, Connecting 

Cord, Plug, Switch, and Operating Instrue- 

tions. 


No. 61-705 - - - - $98.75 


GENATRON, With Speed Control 
Includes (in addition to equipment item- 
ized above under No. 61-705) a_ built-in 
Rheostat, to facilitate demonstrations re 
quiring less than the maximum output. 


No. 61-708 - - - - $109.00 


No. 61-710 Endless Belt. Of pure latex. For 
replacement in No. 61-705 or No. 61-708_$3.00 
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